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For advanced fuel...hydraulic...lube systems, 


New materials prove ideal in handling 


temperature extremes —350° F. to +750° F. 


Working with two remarkably versatile elasto- 
mers, C/R Sirvene engineers are producing flexi- 
ble molded parts for many vital fuel, lubricating, 
hydraulic and pneumatic systems. One, Viton-A”*, 
can be compounded to produce parts that func- 
tion dependably at 600° F., and for short periods 


_ up to 750° F. The other important feature of Viton 


compounds is their excellent resistance to cor- 
rosive chemicals, chlorinated solvents as well as 
both synthetic and petroleum base fuels and lubes. 
At the other extreme, C/R compounded Silastic 
LS-53** parts are providing low temperature op- 
eration down to -80° F. They also exhibit excel- 


* DuPont registered trademark 
**Dow-Corning registered trademark 


CHICAGO RAWHIDE MANUFACTURING COMPANY ; 


lent resistance to synthetic and petroleum base 
fluids up to 350° F., and function well in propane 
up to 500° F. For temperatures as low as -350° 
F., C/R recommends Teflon* compounds. 

C/R Sirvene engineers have an intimate knowl- 
edge of these elastomers. They also have perfected 
special techniques in processing which still further 
improve the physical properties of the molded 
parts. If your problem involves high or low tem- 
peratures, close tolerances, and compatibility in 
advanced design fuel, lubricant or hydraulic sys- 
tems, get in touch with us at once. We have the 
skill and the facilities to help you. 


EE 2 


SIRVENE DIVISION, 1303 ELSTON AVENUE @ CHICAGO 22, ILLINOIS 
Offices in 55 principal cities. See your telephone book 
In Canada: Chicago Rawhide Mfg. Co. of Canada, ltd., Brantford, Ontario 
Export Sales: Geon International Corp., Great Neck, New York 


c/R Ppropucts: C/R Shaft & End Face Seals ¢ Sirvis-Conpor mechanical leather cups, 
packings, boots « C/R Non-metallic gears 
Circle 1 on postcard for more data 
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AMPin-cert RACK AND PANEL CONNECTORS —tere’s a rack and panel connector that 


can really take a beating and keep right on going . . . performs like a champion in the toughest environments, 
with the roughest treatment yet gives enduring critical-circuit performance. 

Environmentally sealed or unsealed, AMPin-cert connectors are made in 50 and 100 position units and 
have a number of unusual features including: single or dual circuit leads per contact (in the 50 position unit) 
... ¢rimp-on snap-in contacts with extra wire insulation support against vibration . . . aluminum shells for 
shock . . . cadmium plating for corrosion resistance . . . extended alignment skirts plus alignment bushings on 
shells to prevent coupling damage to contacts . . . alpha-numerical coding of all cavities. 

Get reliable performance under vibration and shock . . . in arid climates . . . in excessively humid condi- 
tions . . . in extreme cold or heat. No solder, naturally. Current rating of 5 amperes. 

If you need a rugged connector with dry circuit sensitivity, the AMPin-cert Rack and Panel Connector 
is your answer. Send for more information today. 


AMP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


A-MP products and engineering assistance are available through subsidiary companies in: Australia « Canada « England « France « Holland « Japan 
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DESIGN » DEVELOPMENT * PRODUCTION * PROCUREMENT 


liquid-prepack engines 


beryllium as a structural metal 


designing with magnesium 


THE COVER STORY 


Development of the stor- 
able, liquid pre-pack rocket 
engine is a significant 
achievement in both design 
and production. It has no 
moving parts, is an all- 
welded structure, and 
makes almost exclusive use 
of a single material—6066 
aluminum alloy. It is pro- 
duced by semi-automatic 
methods by Reaction 
Motors Div. of Thiokol 
Chemical Corp. Initial con- 
tracts are for Sparrow Ill 
and Bullpup. 


brazing titanium sandwich 
stainless steel in the B-70 
new grip on honeycomb 
light, mobile weapons 


how to machine molybdenum 


George T. Hook has been ap- 


pointed publisher of Aircraft 
and Missiles. Mr. Hook con- 
tinues as Chilton Co. vice 
president and publisher of The 
Iron Age. 


GEORGE T. HOOK, Publisher 


W. THOMAS H. MacNEW, Editor 


EDITORIAL 


JOHN P. KUSHNERICK, Managing Editor 
S. PETER KAPRIELYAN, Technical Editor 
HARRY CASTERLIN, Art and Editorial 

Production Mgr. 
PETER R. SIGMUND, News Editor 

MARCUS AINSWORTH, Statistical Editor 

HAROLD M. NELSON, Specifications Editor 
HOWARD KOHLBRENNER, Art Director 

ROBERT GUNNING, Readability Consultant 
HARRY R. KAUCK, Technical Illustrator 


38 


chemical milling honeycomb 


switch to stainless 


REGIONAL and FOREIGN EDITORS 


Los Angeles—J. PHILIP GEDDES, Technical Editor, 
West Coast 

a tas Re ge Technical 

H C. QUINN, News 

Washington~GEORGE H. BAKER, Chief 

RAY M. STROUPE, News 

NEIL R. REGEIMBAL, News 

Washington Member, Editorial Board— 

PAUL WOOTON 

Europe—RONALD A. COLE 


BUSINESS 


BENNETT H. HORCHLER, Asst. to Publisher 
E. H. MILLER, Advertising Manager 
JAMES CADAGAN, Circulation Manager 
JOHN H. KOFRON, Director of Research 
NORMAN M. LLOYD, Marketing Manager 
JOHN H. DAVIS, Marketing Research 


REGIONAL SALES MANAGERS 


Atlanta—JOHN W. SANGSTON 
911 Wm. Oliver Bidg., 32 Peachtree St., N.E. 
JAckson 3-679! 


Bag yay oe teas P. McCLANAHAN 
360 N. Michigan Ave. RAndolph 6-2166 
Cleveland—ROBERT COBURN 

930 B. F. Keith Bldg. SUperior 1-2860 
Dallas—WILLIAM J. SMYTH 

Meadows Bidg. EMerson 8-475! 

Los Angeles—JACK KAY 

198 S. Alvarado St. DUnkirk 7-4337 
New York—TED DRISCOLL 

100 E. 42nd St. OXford 7-3400 
Philadelphia—GEORGE ISHERWOOD 
Chestnut & 56th Sts. SHerwood 8-2000 


San Francisco—DON MAY 
1355 Market St. UNderhill 1|-9737 
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Editorial and Executive Offices: Chestnut 
and 56th Sts., Philadelphia 39, Pa. SHer- 
wood 8-2000. 


BPA Gy an 


Accepted as controlled circulation publica- 
tion at Philadelphia, Pa. Copyright 1959 
by Chilton Company. Published monthly. 
Subscription rates: To manufacturers in and 
suppliers to the aircraft and missiles industry 
in the U. S., U. S. Possessions and Canada, 
$5.00 per year, $9.00 for two years; all others, 
$10.00 per year. Single copies $1.00, special 
issues $2.00. Foreign $20.00 per year—single 
copies $2.00, epecial issues $3.00 per copy. 
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ALUMINUM GLASS 
STEEL PLASTIC 


Hundreds of successful applications 
have proven the Airgrit’s ability to 
mark delicate electronic parts per- 
manently, gently and fast. A short 
blast (often less than % second) is 
all that’s needed to produce a per- 
manent, “etched” mark on delicate 
parts or hard to mark surfaces such 
as glass, plastic, steel or anodized 
aluminum. 


Write today for Bulletins C-25 and 
C-26, giving complete information 
on the full line of these remarkable 
units, or send a sample to be 
Airgrit marked. 


Or, if you prefer, ask to see the 
Matthews Sales Engineer in 
your area for firsthand infor- 
mation and assistance with all 
your marking problems. 


Circle 3 on ——; for more data 
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don’t underestimate 
the importance of 


PROPER BOLT T GHTNESS 


CP-3440-TS adjustable torque range 
15 to 80 ft-lbs. '~” square drive. 


More and more top-flight manu- 
facturers are realizing that proper 
bolt tightness is a quality factor 
that gives them a sales edge over 
competitive products . . . their 
assembly line foremen know that 
the use of TORQUE CONTROL 
IMPACT WRENCHES in the 
driving of nuts and bolts to “cor- 
rect torque” means: 


¢ Less work spoilage 


¢ No chance of sheared bolts or 
stripped threads 


Inexperienced operators learn 
nut running operations faster 


Less product failure 


CP Torque Control Impact 
Wrenches give you the exact 
tightness you want in a fast, ac- 
curate, “one-shot” rundown that 

doesn’t require a hand torquing 
: follow-up to check work accu- 
} racy. Torque ranges from 15 to 
P. tee, 600 foot pounds available. 

& i" Let a CP Fastener Specialist 
" $ work with you on your problems. 
You'll be impressed by the easy 
handling qualities of these unu- 
sually compact tools. The torque 
control mechanism is totally 
enclosed and all torque adjust- 


TORQUE CONTROL 
IMPACT WRENCHES 


a 


| 
| 
| ¢ 
| 
| | 

| CP-3630-RTP adjustable torque ai ¥ 


100 to 350 ft-lbs. %” or 1” square 
| drive. 


CP-610-RTP adjustable torque range 
300 to 600 ft-lbs. 1” square drive. 


s 
he 
- 
— 


* A complete line of Torque Con- 
trol Screwdrivers and WNutrunners 


solve other threaded fastener torque 
problems. Available from No.4 screw 
size to %” bolt size. 


© 


Chicago Pneumatic 


¢ 


ments are made quickly AND 
simply without special tools or 
fixtures. For further information, 
contact your nearest CP Office, 
or write: Chicago Pneumatic 
Tool Company, 8 East 44th 
Street, New York 17, N. Y. 


PNEUMATIC TOOLS * AIR COMPRESSORS © ELECTRIC TOOLS © DIESEL ENGINES ¢ ROCK DRILLS © HYDRAULIC TOOLS * VACUUM PUMPS © AVIATION ACCESSORIES 
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phase Ill—all about you 


Here’s the best part of the profile study 
we conducted on the Aircraft-Missile Engineer. 
We’re going to tell you about your home life, how 
many of you are married, the number of children, 
the value of your home, etc. 

Almost 93 per cent of the engineers are 
married. And for you single fellows, look out 
because the more money you make, the more 
likely you are to get married. When salary gets 
up over $17,000 a year, just about 100 per cent 
of the fellows are married. Of those who are 
married, the average is about 2.4 children. The 
median and the mode stand at two, one boy and 
one girl. Just as a matter of interest, 2 per cent 
of the married fellows have six or more children. 

Over 88 per cent of you live in a house, 
11 per cent live in apartments. Eighty-two per 
cent own their places. 

The average market value of the home 
you own is $21,795, with the majority living in 
homes worth about $17,500. Most of you carry 
about $12,000 life insurance, with the average 
number coming out to $18,709. The biggest 
holders of insurance are the 40 to 49 age-bracket. 
These men are carrying well over $20,000 per- 
sonal life-insurance that they are paying for 
themselves. This does not include company life- 
insurance programs. This group naturally drives 
up the average figure. 

Well, 99.6 per cent of the aircraft-missile 
engineers own cars. Of this group 41.7 per cent 
own two or more cars. There are more two-car 
families in the 40 to 54 age-bracket than there are 
single-car owners. Most of you drive Fords, with 
Chevrolet and Plymouth coming in second and 
third. Highest among the foreign cars is Volks- 
wagon, at 3.6 per cent. It is interesting to note 
that 1/10 of one per cent drive antique auto- 
mobiles. As far as the year of manufacture, most 
are 1953 and above, with the majority being 
1956 and 1957 vehicles. 

We also wanted to find out if you attended 
a church as often as once a month. Sixty-five 
per cent of the engineers do. More engineers 
under 25, and engineers in the age group of 45 
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to 49, attend church than any other age classifi- 
cation. 

Now for the big one, how much “dough” 
you are worth. We asked—“What is the present 
approximate value of your liquid assests?”. Well, 
most of you have $1500 in the bank or in stocks 
and bonds. But the average is much higher, up 
to and over $9000. This is so because 37 per cent 
of the men 55 years of age and over, have liquid 
assets of more than $25,000, ten per cent of 
that total are over $100,000. The figures fall off 
rather sharply as we go through the other age 
classifications. For example, if you are under 25 
and up to 29 you average out at $3000, 30 to 
34 $5000, 35 to 39 $7000, 40 to 44 $12,000, 45 
to 49 $17,000, 50 to 54 $19,500 and 55 and over 
$34,400. 

Now for the question that we had a lot 
of fun with. What brand of cigarette do you 
smoke? We’ve all seen the commercials and you 
often wonder, well just what do the people in our 
field smoke. Gentlemen, you smoke Kents more 
than any other cigarette, with second going to 
Camels. There were 19 cigarette brands men- 
tioned. Again, an interesting point, is, if you’re 
between 40 and 44 the leading cigarette is Camels, 
but only in that age classification, in all others 
the cigarette preference is Kent. The third 
cigarette was Pall Mall, and the fourth Chester- 
field. But there is a significant point to this 
smoking question. We wanted most to know if 
you do smoke. Only 57.4 per cent of the en- 
gineers smoke, and 73 per cent of those who 
smoke, smoke cigarettes. 

Within the next couple of months, we'll 
publish an article summing up the entire profile 
study, giving you a lot more facts and figures 
than we presented in the three editorials. Again, 
if there are any specific questions you wish 
answered, please drop me a line. 


Editor 
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liquid-prepack 
engines = NN 


be 


simplified design permits semi-automated production, 
eliminates long countdowns, 
and allows storability in extreme environments 


Loaded with propellant, and ready for fir- 
ing or storage, a new breed of liquid rocket-en- 
gine is coming off a semi-automated line at Re- 
action Motors-Bristol. 

First two versions of the engine desig- 
nated Guardian I, and Guardian II will respec- 
tively replace solid motors now used in Sparrow 
III and Bullpup. 

Unencumbered design and ease of manu- 
facture mark milestones in rocket technology. 


by S. Peter Kaprielyan and John P. Kushnerick 


Simplicity of the final design belies the fact that 
workable hardware utilizing the storable liquid- 
prepack concept has eluded the best efforts of 
missile engineers since WWII. 

Developed under Navy contract, the first 
operational engine, Guardian I, has already been 
delivered in initial production lots. Tool-up is now 
underway for Guardian II which will be delivered 
in production lots by spring of 1960. This engine 
is under a separate Navy contract of $3.5 million. 


Design configuration of 

Guardian | liquid-prepeck 
engine is shown. Welded 
seams are indicated by 
“W" notation. 
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Snowballing effect of the achievement is 
evidenced by Reaction Motors receiving an ex- 
tended Air Force feasibility study for storable 
“high-energy” fuels in large pre-packaged en- 
gines. A 50,000 Ib thrust engine of this type was 
built and fired earlier this year. 

About 100,000 sq ft of the facility that 
parent-Co. Thiokol acquired from Hunter-Bristol 
Mfg. Co. is geared for production of Guardian 
series by the Reaction Motors Div. Units are 
manufactured complete from raw-stock to crating 
in this space. Part of the production line is con- 
veyorized to handle follow-on programs. Equip- 
ping the facility involved the largest single order 
of machine tools placed by a missile firm in the 
last 12 months. 


Design Concept 


Pre - packaged liquid - propellant thrust 
units have a design simplicity almost approach- 
ing that of solid-propellant engines. They can be 
stored in the “ready” state in severe, natural en- 
vironments. 

The engines use no pumps, shafts, valves, 


Sparrow Ill oxidizer tank 
is machined on Gisholt 
turret lathe. 
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or similar moving parts. A solid-charge propel- 
lant pressurizing medium is permanently sealed 
into a tankage shell integral with thrust cham- 
ber. An electrically-initiated igniter cartridge is 
used to fire the solid charge and start the engine. 
Missions for which these power-plants are in- 
tended require no throttling provision. Tedious 
count-down has also been completely eliminated 
by pre-packaging. 


Three Basic Problems 

Three basic problems delayed realization 
of this concept: 

@ Propellant combination and tankage 

material suitable for long-term storage. 

@ Choice of compact energy source to 
pressurize and expel propellant. 

@ Choice of an injector and initiating de- 
vice incorporating ruggedness and pro- 
ducibility. 

Guardian I and II engines are identical 
in principle, the latter being a larger and more 
powerful version. Inhibited red fuming nitric 
acid is used as oxidizer, an amine-base liquid 
serves as fuel. Both liquids are contained in 
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liquid-prepack . . . continued 
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Diagram shows production process sequence of Thiokol 
Chemical Corp., Reaction Motors plant, Bristol, Pa. 


Prior to welding, powerplant-structure components 
are cleaned by “merry-go-round” setup of 
the Udylite Corp. 


6066-T6 aluminum alloy tankage making up the 
cylindrical body of the powerplant. 

The 6066 alloy is a development of Harvey 
Aluminum; it is supplied by Alcoa in the T4 con- 
dition (50,000 psi UTS) as forgings and extru- 
sions. This alloy was chosen for its strength, cor- 
rosion resistance and good machinability and 
weldability. Both machinability and weldability 
characteristics are comparable to those of 
6061-T4. 


Reliability Through Simplicity 

Outstanding simplicity is based on these 

main features: 

@ Material used is all 6066 aluminum 
alloy except for a copper nozzle, and 
4130 steel bar of 3-in. diam. 

@ Extruded and forged raw-stock is ma- 
chined, then powerplant is integrated 
fully by automatic inert-arc welding. 

@ No mechanical fastening is used for 
joining of structural elements. 

e After propellants are loaded, tankage 
is sealed by welding, leaving no possibil- 


Oxidizer tank is shielded-arc-welded to its liner, 
in vertical setup. 


Aircraft and Missiles ¢ November 1959 


ma. 


) SSS ee a a a 
: eel 
fe + 
: Raw STO are FORAGE ee - 
=) PR UD eae Ge Lk Re RE: & ae wg 
ao loneomene C) cera . 
2 de eed Fe pale Eas ees 
nr, Sees i i i ij 
OoOg0og0 aoogda  ouac NTR : 
pes oa ee 4 ¥ AGS CoP om RE: sotiingie Wie: i 
oood VOU G G ceiver ro sromas 
3 fee et i A ae OS J 
| (es) | 
a eo o. .s : 
eS a ae f 
ag a y 
mr 0 1 ; 
ee nea’ = ug : 
r ay bed } 
: aepeimactan teal | 
f Deum 2 ff : 
. SSS } 
| [esteemed | 4 
(OOP gpm, " ie 
a a Hg 
i 1e oO f 
ne ee " 
cy eam ~6f) Se 
ge ; Ns 
UD edtiivine OF 8 
, —— j aenenall sled : 
/ ie esi, seeds 
\ 2L200099 ee 
a RS ee “ ie ae pees. a 
— +o in ee aia 
iin alata aes $ aan Oe 2 ADEA LINER 1} 00C 0 09000000. 
serene wwnsan OHO —{ Hetty 9) 9000009000200 - ih 
ee Pe” . +} bi tf om rae 8 ne ass 
nak pe tase A at Lat Oey iy 
} te a seas cocaine | 
ee 4% 
| —e CU : 
__] PRESSURE Tes nae 
elele rc 
tf] mine “as 
pons 0999000090 
he ee = ssmaemt 
f PL acin pathy : 
< Li)}"titaeer 
ob eanine 
: L) waren ese : 
I, ; mn : 
Li ccemmmevis owns orci 
* ceed 
cn an | 
ee ae 
eee 
reece 
I oper ™ 
bb « ; 
E a tet 
=o ¥en Po 3 
oa. Ce 
f TER mee acer! 
eee : — : a. 
ic) ap oe Ts Coie & ; mee 
; , woate a ae ~ te “ eee | 
295 wnt ae ee ee ee Geo 
er { ar oS ee e 
A BB 5 RE eee ge 
— ie. : ty eee | oe a 
all . : : i co ee cae i 
asl ll - = : & ay 2 a a: a 
* y { * Lee yi ear : 
i § 7a “ae ee, . ee ; 
: ; ae a | = ° Owsg q - . 
ia 1"? a . | 
4 | So a ae ae 
] . Ss ce : § Bei 
3 4 - i 
q in si | 
; 4 , “a | 
er; - vo 4 i : ) 
‘ ._ | 
[| a — 7 
been" 9 (ee 
Fi -_ \ ae 
~~ 2 ae L * ae 
: “= tens aS. 7 
" m3 os — 5 J n Vb f es ; 
Y " es UK ; | 
= ~~ — Rae . | 
wv Erde 2 ey sie ; ey 
re — ote — =z a ae ee 
; = if eh : ie sae 0, eae a Ara mot 
4 32 ° ae ke 
1, Wer 4 2: 4 | q a ee ee a a a ; , d ek 
Ps 7 g ‘ ) ee ¥ Ba -_-- 5 he eS ie 
ee) Of oe a | : _ 
; . 5 Ss =e ei ae & ra £ 5 
ie ? es! See ; 
ie ; Ti 4g os 7 x 
; | | if oe ; = : co hail ge 3 : # 
et ro” i= Oise! [ 3 é rad 
"s i t ; i 4 q ya a Re 
— i SiS tee : f a " 
_ VG { —_— mh : 
= we : § a eg ait a: | 4 4 
‘ ’ # tia Bim ’ ef 
ae as d ‘ Hie . i ; i 
{ ; fe sail b> - eee 
* 1 7 : F : Sane we ee 
ear —. ; : if ; : 
~A 4 ; r > : | =) ; 
>" q J - , 
> aie > | 4, —_ x 
- ‘4 ne aed eee 
2 Pe eee | 


ity of leakage or evaporation. 

Overall unit is made up of two tubular 
structures. Outer shell includes oxidizer and fuel 
tanks. The latter tank has machined slots for in- 
stalling tail fins. Inner tubular-structure consists 
of pressurizing-charge tube, center header, and 
a thrust chamber. 

The center header acts as separation bulk- 
head between oxidizer and fuel compartments; 
header also houses a cluster of multi-orifice in- 
jector fittings. Thrust chamber is regeneratively 
cooled by the amine-base fuel. It consists of a 
thin, beaded, 6061 aluminum-alloy jacket over a 
6066 machined forging. 

Initial fabrication phases consist of ma- 
chining of extruded 6066-T4 tubular sections to 
+0.005 in. roundness, and beveling of tube-ends 
preparatory to welding. Good surface finish is 
obtained at 900 to 1000 SFPM, using carbide cut- 
ting tools. 


Tool Development Program 


To develop the machine tools needed, ma- 
chine-tool builders were supplied specifications, 
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and asked to produce several sample parts. These 
parts were produced at the machine builders’ 
facilities in cooperation with Thiokol tool en- 
gineers. The machines were then shipped to the 
Bristol plant, and a second batch of parts was 
produced. When these met specifications, actual 
production run was begun. All major equipment 
was tested and bought on this basis. 


Assembly Technique — Engine Core 


The forged center-header of the inner- 
core assembly is the structural member around 
which the entire powerplant is progressively 
assembled. Front-end of the center header at- 
taches to the pressurizing-charge tube, aft end 
attaches to the thrust chamber. The pressurizing- 
charge tube is rough-bored from a tubular forg- 
ing; bore is then flame sprayed with Rokide “Z” 
(see A&M June 1959, p. 22) and ID is machined 
to final dimensions by tracer control. Thrust 
chamber is machined from a forging, inserted 
into its baffle jacket, then both chamber and 
jacket are welded to center header. 

continued on next page 


Integration of Guardian | inner-core assembly is 
completed in a simple fixture which swivels 

on two axes. Beaded jacket in foreground directs 
fuel over thrust-chamber for regenerative cooling. 


Three main assemblies of Guardian | powerplant 
are shown prior to final assembly by welding. 


4 ; sete ES ate lle as mma | 8 ee i, FR gg ne: Ret opens fs NS aA aie ge 
ic OT Oe gets Semmes ee te #7 : en ae Se geemea.'. Fone of tye oes 
“ OARS Sanh ai a or oe aie? Ne ee rid Pere ae! a. ee Paar cage ah meee) fe ec (oe es 
- ae at a a RR on a eS eNOS, MME. = oe aE CN Pe ea Br eee ae Se ee ne mes Se tes 
4 a oS a ee Ee eee eS ame ey ee ES ee es STE (oo ee © ee roe eg ARDY nee Cem OMMMRE eT Ge Se oe on oe 
ae: nt 
Shaaere 
©. ere 
io 
4 
Pay 
‘ ic. 
1p 
ee 
cea 
: ee | 
ive 
ates 
qi eee 
ne | 
. Ae am 
late 
it 
ZY 
A. ¥ i 
i nena 
i ee 
ae 
¢ ca SME = Bic eal PR nh ae 
ere ft, eee ee : 
hg’ aC rea eee = VR Ress 2 rae ae Jes Bec eee eh yt: i 
i Pie es jae. 7 - RIM i SED a ae 85 Sores) * alee a 
2'S “ON MER ean eere oe > Sen eas tee er Sg Ae ee a? 7 Pere 
: Page aa Went, ae Meeks ty fh eee : a eed Be hte 
ees Bee Rl eee a Bee 
i ae ae sn ee ia 4 
Ut ee. Cie ae net ee cio : ; 
4 “a eas ae ie 5 ee chia Dee a aig ey oa 
. £ be ge is ee et, Gee Get ee ‘ . 
aoe 2 a mec hy Meret 
a , a aa ee i 
me =a le p re. - - ee 
. Ta 4 Roe a aeons 
= Re ee mea ee 
4 2 — =< oe 8 Pi nia 
ae : a “ae 2 ae ee here ie aaa 
‘ eet  _'s > ii idee : i 5 
‘a ae a . _~— ee . 5 % . =. “s 4 ei = s sy Brag 
LS ines P he ie a A a vt 
te i we owili  U olae Mii eet «8 eB we Pie on ; Be Aad 
reg] Be oe Py 3 Oa NE. EEN nth i ie ites 
i " 2 ¥ ee: Soa) pee a 4 Bee ee. oe ] es 
<r a, ae ban? age ge P Yee 
Pag BQ x q bo . Si TARE Pipe d “Ge i : 
; e-) 23 = ea “y % ess. | Sere RS "ap j i o> | iY 
SS ae ( : Ma ee me 3 t r “ay i= , : Seine 
, a! lees lll CO gece att a} s [&,. eae — 
: | 7 i oe a eau ri. ae $e 2 _ § ° he i 
Se oe ¢ : , aoe pigs Rares “eee , ~~ * 
ee Eee Ul ae a fi . ae =e =e 
ee fee 06 Ge — “eee <a a al ES | i ere 
ee nS Pet 8 8=686©6 Pie - ae Be a ee i F 3 SS. ~* , a | i. 
F oe Bk . ak oe MA TA I dt lal g ™ via ct ' 4 ak 
Be. a Pei cana 1 hoe ian) a os i le 4 i a se Roa 
aE ae ; ee , Sates "eae 8 PRS | he eRe £ *, a. . ee 
2s a ae Bae a, — ll . pet 
ake , Goa | aaate b - ~ 
ae. geaia Ee. a es ~ yy iS i a , 5 23 
So ee 7 - 5 A eg 4 aD 5 Pit. nn : 
Soy oO Y 4 — — ie a j “a ies “SS ai 
} Si ie . hm _—~ bs: qq aera 8 x9 4 — = 
Ee a _ ae @ eae, ae ere: F ~_ ace a ; 
; . * - pen > " eas ae Ss a mn ce am » 5 . 
oy St. —— le = a a dee ee i =. >.  . 
‘ , 2 * Vil mets ee ae “Gand — . £ > ; : = porn. > 
7 Sie We Sipe A |) a ee — 2. = ee Mae ane, ep & 
‘ oo ae ae « 3 Be es, We ee ae _ es § i “y ‘ a ey epee alata : 
E ‘ Fe ee ee We ea ea 4 Fees e sat ee ken get ie ee 
> ae Cie ia . mage", 2 ait ee Ve eet Ola ae PO > 9 4 a Pe Sioa ee oe ‘ 
= a sie Bien eaeee eS lee ia oe fo Re te o 
: ie ‘ Sn ee eM oe es Me be a : Be 1S mek ae : 
‘ rE ‘a aris Mies = x ape . ae og Rt Clea ee ie Seed ” i 
4 a a a ? i eae n \ aa i 3 Reur, ( ae 4 figs, Wo aa a 5 ie witae es es ce a, ape 
4 “ee ES . o ae ao es ies Ay Soh hn : Ee ee ea ee : jess 
. 5 kt ae Geer 3 eas We re A peat gt ee er CI. a 
| a eS ea ei, | See are: Saab oc.) sips i; Sn Se Se oo me 
4 gra he es : Reet ya DS a | ike uae . Ea 3 eS pee Ny ogee RR ee eae 
bees) —— a a aS a Bese eS oe a y cn oe, a 8 he 
se ye a te cee ak eee ae. Bete ; | 2 
- 2? a aa Dee a” cay a oe “a a <——— ~~ eer s 
4 ee I mans ; — ow a sey + ches _ ae a r es Fe "j 4 
e } Bass ¢ as beer t 7 ‘ Soe |= ae es 5 uit ae ae . Paes ie ‘4 ee See ‘ a 
a Se oe eth ieee A! ae (ea ae ea : a late 4 [2 
= oy ie sf |e : iat eest * : oe a ag a ier Use ae ah Pts ces ey ae 
nes: > CI Sa Aiea. ‘ | ae iF Be i ae 7 : * , Aled a 
s Dae beste ke eo ' Ee ae ee ae > 2 ie Peas, : eo 
ee Sa ge 2 em me a e* eee ee a ca une ee 
4 Sree in ales ae 9 ‘ ee Bs | a 2 eee — ee oe ua =! 
y ‘ae . y ‘ a wee = SRS a oe 7 ie a a. wee ae ~ 
‘ = > a _ iz ig as : a le | 
irs : ; 4 a e = Bo coe : mae ae gars a 
ite — > ai. C _— ~ =o x ae + * Se hee lee 
< a im ae Pat oe ei ‘« Bi) ea ~ s ee UN eo eae 
Feet 2a f Fr ie ¢ ~~ A a is a: ae Ss: 2 ike BT u 
‘i ae . tl = ae B) . ARS pr aee . wo aagcenmnnlacrm tect foe " aa : eek 
; aay er = A 5 eee ——- 2 eee a ee a aay a 
( * # bt - eo aa ee tite ed Se) AE es: Se) ye She, 
re ca ee nei ae aie hoe > ak te 
- . aa Be: aa ag, Rie See b Wiest ae 
a e : be = “ ¢ ‘ + be ee me Ag aie eee ber i Pah oa bere can er ag 
' . | : i ae oe go, — oe, eee lee yl? 
4 ; $ gain ete meet, See i etre So S eee epee 
: i rr eaigiadeeaneeel ash Be Ss Gre ra eRe a pend, * 
\ ‘ RE ’ y - Bake Ve ee a ae en a ny 
: * r el “ Nei a oa pee ae PRO aah = x 
ny ‘ ee, : een i OG Ge ee se a aa 
Pe , 3 3S. a the. a), eee Se ee eee re : if cn a —— ll ty 
A 2 7 > gn = Re, ope Re NET a i ee pat Ay ag 4 
ee . a Bee a ao ee o>. 4 ee eee = nay 


liquid-prepack . . . 


continued 


Completed powerplant is shown in 
Sundstrand broacher used for cutting 
of dove-tail slots in tail-fin pads. 


Final operation on core assembly involves 
welding a blast-deflector collar at front end of 
pressurizing-charge tube. 

The powerplant is then ready to receive 
its outer shell, which consists of two forgings, 
and two extrusions. Oxidizer-tank head, at front 
of powerplant, and aft boattail-fairing with fin 
pads are machined from forgings; uniform cyl- 
indrical sections of oxidizer and fuel tanks are 
machined from extrusions. After joining oxidizer 
tank to its head, and fuel tank to aft boattail- 
fairing, both tanks are solution heat treated and 
joined to center header. To promote high-quality 
welds, surfaces to be joined are processed 
through alkaline dips and clear water rinses im- 
mediately before welding. Final welding opera- 
tions join thrust-chamber nozzle edge to boat- 
tail-fairing, and oxidizer-tank head to pressuriz- 
ing-charge tube at front. Integration of power- 
plant is complete at this stage. 

Entire unit is then cradled in flame spray- 
ing machine for Rokide “Z” coating of thrust 
chamber ID. Spraying machine was produced by 
Sesco Mfg. Inc., Bridgeport, Pa., to Thiokol speci- 


Flame-spraying of thrust-chamber with Rokide ‘‘Z”’ 
takes place after integration of powerplant. 
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fication. Machine has provisions for automatic 
start, stop, and touch-up cycles. A dial shows 
spraying - probe position in thrust chamber 
throughout process. 

Last machining operation consists of 
broaching four dove-tail slots for the tail fins, 
and milling pockets for the launching lugs. En- 
gine is then placed in a composite inspection 
fixture, and all dimensions and attach locations 
are checked for conformance to specification. 
Pressure and/or leakage tests are made on an 
in-process basis as sub-assemblies are built up 
and after final assembly, prior to filling and load- 
ing. 


Propellant Loading 

Loading of propellants and pressurization 
charge takes place in a maximum-safety area, 
isolated from main facilities. From the time en- 
gines enter this area, till they are crated for ship- 
ping, they are kept suspended in conveyorized 
racks. 

Propellants are loaded by remote controls 
accurate to +14 oz. A final welding operation 
seals-in propellants. An elaborate cleaning, dry- 
ing, and painting sequence follows in rapid suc- 
cession. Order of operations is as follows: clean, 
rinse, dry, zinc-chromate prime, dry, white-lac- 
quer paint, dry, white-lacquer paint, dry, and air 
dry. Units are then cradled in wooden crates with 
separately encapsulated igniters and are ready 
for delivery. 
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A REPRINT 


of this article can be obtained by writing on company 
letterhead to 


The Editor, AIRCRAFT and MISSILES 
Chestnut & 56th Sts., Philadelphia 39, Pa. 
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19-9 anges” are being produced 
on i ai rtically mounted 12.ine! 
Dynapak machine installe din, 
coat” shop of of | Precision orge 
Santa Monica. Cali 


Here are the savings achieved in this Dynapak Application: 


@ MATERIAL: 60% Dynapak, industry's first operational high-energy-rate 
@ TOOLING: 50% of the cost of conventional forging dies § machine tool, offers a breakthrough in metalworking's 
@ MACHINING: Reduced by more than 50% due to forging long-sought goal to produce forgings that can be used 


] 
pan ITT ae | 
tolerances of ii in. and efiminetion of dram angie. with little or no machining. This flange is just one of many | 
PLUS ’ | 
] 
/ 
| 


forgings now being produced commercially by Dynapak. 
@ PRODUCTION RATES: 70-80 per hour 


e SUPERIOR PHYSICAL CHARACTERISTICS: Greater ; : 
strength, uniform and controllable work-hardening, Grain matically-energized Dynapak in your forging, extrusion, 


Size No. 11. forming, or compaction operations, write, wire, or phone: 


DYNAPAK 


CONVAIR / A DIVISION OF GENERAL DYNAMICS CORPORATION 


1243 Transit Avenue, Pomona, California « Telephone: NAtional 3-1561 


For complete information regarding application of pneu- 
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beryllium as a structural 


light, stiff metal has great potential; 
extensive studies underway on all fabrication techniques, 
brittleness still main bugaboo 


By 1970 nuclear and free radical power 
plants will largely replace the combustion power- 
plant for aircraft and spacecraft. Induced en- 
vironment for aircraft skins will reach 2000°F as 
speeds level-off at Mach 4. Short-time exposures 
of 9000°F will not be uncommon for reentry ve- 
hicles. This indicates an abundant need for a 
material with good radiation properties, and a 
material with good high-temperature strength. 
The metal beryllium excels in both these areas. 

Beryllium is almost as light as magnesium, 
and is about 50 per cent stiffer than steel. It is 
said to be superior to Inconel X, graphite, or cop- 
per as a heat absorber, with a six-fold weight ad- 
vantage over the lightest of these. It has a melt- 
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ing point of 2345°F. And, it has the unusual 
ability to reflect neutrons when subjected to 
nuclear bombardment. 


Disadvantages Govern Use 


But use of beryllium in structures will de- 
pend more on its disadvantages than on its me- 
chanical superiority. 

Beryllium is: 

@ Brittle, hence very difficult to fabricate. 

@ Costly, both to extract and fabricate. 

@ Toxic, hence requires special hygiene 

techniques. 

@ Scarce, by certain frames of reference. 

None of these problems is insurmountable, 


Billet for Mercury heat shield is 
examined ultrasonically prior 
to final forging. Structure 
represents furthest extension 

of state of art in forging 
beryllium. 
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considering the rate of progress in beryllium 
metallurgy. The first, brittleness or lack of three 
dimensional ductility, seems the real bugaboo. It 
is the ever-present foe that blocks, and frustrates 
attempts at fabricating useful structural shapes. 
It is the underlying problem for all other prob- 
lems of immediate consequence. 

Limited structural use of beryllium has 
been made by designers. None of the applica- 
tions do justice to the metal’s potential. 

There are two major suppliers of beryllium 
in this country: Brush Beryllium Co., and Beryl- 
lium Corp. of America. Each uses two distinct 
steps in extracting the metal: (1) separation of 
beryllia (BeO) from beryl ore, and (2) reduction 
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of beryllia to beryllium. As might be expected, 
two techniques are employed for separation of 
BeO. Beryllium Corp. uses a fluoride extraction, 
Brush uses a sulphate extraction. Practically all 
pure beryllium produced in U. S. is made by re- 
duction of beryllium fluoride with magnesium. 
The fluoride is produced from BeO. The metal 
emerges from the process as small pebbles. 

Fabrication of structures from beryllium 
metal so produced is by variations of the powder 
metal techniques. The pebble is vacuum, or inert 
atmosphere, cast to a rough billet. Billet is 
chipped, and the chips are attritioned to a fine 
powder (—200 mesh). The powder is fabricated 
to shape by either warm-pressing, cold pressing 
and sintering, or hot pressing in vacuum or inert 
atmosphere. These preliminary steps are fol- 
lowed by forging, extruding, or rolling (See 
Table 1). 


Purity of Powder 


Purity of the powder, and nature and distribu- 
tion of impurities profoundly affect final prop- 
erties. Physical size of powder also has an im- 
portant effect, since oxygen content is related to 
powder size. The more exposed surface the more 
oxygen. This follows since each particle is covered 
with a fine layer of BeO. In some studies Brush 
has concluded that with much over 2 per cent 
BeO, it is difficult to obtain full density in hot 
pressing. These ramifications indicate that minus 
200 mesh particles are optimum. 

Beryllium Corp. feels that the effects of 
BeO often work to advantage. The company has 


TABLE |. FABRICATON PROCEDURES FOR BERYLLIUM POWDER 


Forging ~ 


Aircraft and Missiles ¢« November 1959 


13 


yer ikke 


OS EE Soke a i a td ac ales es, rer eC 
! ESE ES es VA SE ena soe - eee vOee eee ee ip iis Gh” ne al a ee vats py? : Asie si = ae A : ee. 
oe ————— e- 
zi ae 2 ye 
. a de ie 
: yA ; 2 : ee a 
: é . ’ 
Go BP oe . 
4 Fe. = ™ — eee 
- | eryllidgn } ea a 
eee a 
ATS... am ba - 
| yy F pat = 
=> Fi 4 ; wi 
i. we ) ; Nes 
SP @ ' = eS 
SC ve 
ae ee ee eS ee ae hei ie). See ae fc an yo Bi eee 
ue ne ee eo BY a css oe eo, eee er cas aE at imal ies Galerie Setar he es 
sail | a ie me ue a } i era eee Sa 
ih a Ga ca. ae a ae ae et pee: i: ips sag Lie Ca es ey = eS Ss 3k aa sae) | 
ee rant ogee SS Ce | Saat Be te a BR at ; = cman. 3-5 Gemea ek 
: - 5 elias = ei ae es coe ae ea — ee. ies _ 
| oa Oe en Spe i a | 
Poot Mig | a Mo | extrusion i. ee _ 
4 [compact — pressing. | “[&ompsct | ———s«Pre= formed} [pressing into] —|Pre-formédy + | Pressing |. / Baa 
i 4} wading | | [Om loading | | extrusion steel jacket] a BA ; sana Tora Be cS: 
as se temperatui Disk die ; billets — -aro-soo’c] | | blanks | = |_blanks | — nape 
ee tae Wok 2 Zz ‘ aoa me Si ee co Ligh i an Me = i 2 
ie J sit ob tog, SRC ie Se Pre- hs OS ral | as REE rae <7 toe ee ing | Poe 
: 9 er de rd - 
" “jander vacuum} } | 100 Cin | eget Ip in steel | As Rp eS Sasete™. he ee 
- at 1050°C _ ‘ “vacuum — ae 950-1100" a i alent ee . 1 St | or mickel | Pp ee 
ea | oe ees es - — 2 : 4 were eens eee bre i! pe ae 
sae b 4 oo a ‘oe és ae me per M rr ; ne Pee i ae ce , 4 ae = 
aad aa . A ibe Pressing and ; i ey nica r J ie Coating with 7 ewes ts Es ieee ieee P35 “Rolling rh eo sue - 
‘| Acipping | *- 7] colningat | 2: | ae Bae toe == te oP ae eee weno t ces 
apenas} 29 EE ec ac "9 = Ca a cade eee 
iE [Machining] =f Fins | fie eee) ce % Removalety  ] |= engin. seas me Do arte 
a ; gee ee ma} al pachining | | > per " steel jacket | a aa. he Eee 
a > as ae a ee dperations | J | MBE eno J) ES Po ee 
1 ee oe tees oad iss, a 2 | 4 oy - q = oe sy ee 8 5 a ; ke = "oe nn : mes 
& Rees = ee Blige piageemes: Mga ey (las pe Fe oa Finished | Te oe 
Tie oe --¥ Soe pa =| Bauses sews | toad | pooyes fe a 
Mae | | fae ae | ee | I ge | 
| |} warm pressed, cold pressed and sintefed, hot pressed and machined, Bok — vee 
; . ef el ea a Se eee ce a 62 rate a ea Seo ee : 
i SSCS = 


beryllium + « « continued 


pressed for a relaxation in specifications which 
arbitrarily limit content to 2 or 3 per cent. BeO 
lowers thermal conductivity but increases ulti- 
mate tensile strength. Some “‘pure’”’ BeO samples 
have been made with 100,000 psi UTS. Shapes 
have been hot pressed to 95 per cent density. 
Indications are that development of this metal 
might parallel that of pure beryllium. 


Extrusions 


Northrop Corp. (Norair Div.) is acting as 
prime contractor on Air Force contract 33 (600) - 
3691 aimed at developing extrusion techniques. 
An aircraft company was selected as prime be- 
cause of the familiarity with the particular needs 
of the industry. Nuclear Metals, Inc., is perform- 
ing the actual extruding. Investigation is pro- 
grammed in 3 phases, and is aimed at producing 
a U-shaped channel 1.5 in. wide and 20 ft long. 
Approach is to extrude “bare,” vs. cladding ex- 
trusion in stainless steel. The investigation is 
now in Phase II and target shape has not been 
reached. Some valuable data has been collected 
however. 

During Phase I, Beryllium Corp. ‘‘com- 
peted” with Nuclear Metals. The former used 
their own sintered billets, the latter used QMV 
billets produced by Brush. Collective accomplish- 
ments were: 

SPECIFICATION for best extrusion material 
was written. Composition is shown in Table II. 
One important aspect of this composition is the 
rigid control placed on maximum “tramp” ele- 
ments. Iron, in particular, is a potent strength- 
ener but is also an embrittler of QMV material. 

TOOLING for the first phase of the investiga- 
tion employed conventional oil hydraulic presses. 
Nuclear Metals used a 1000-ton press, Beryllium 
Corp. used a 1700-ton press. Although beryllium 
is light, it is extruded by “stream-line flow” as 
opposed to “shear” extrusion used for aluminum 
and magnesium. Methods are similar in some re- 
spects to those for steel. 

Beryllium’s resistance to deformation 
makes necessary heavy equipment to avoid stalled 
presses and broken tooling. A “straightener” is 
employed as an integral part of the press to 
keep extrusion straight on exit from the die and 
while cooling. Precautions should be taken to 
prevent personnel from breathing toxic beryllium 
fumes. Air samples taken during tests revealed 
no appreciable increase in contamination from 
extruding bare. 
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Table Il. Tentative Composition for Extruded Beryllium 
Element Quantity 

Carbon 0.15% maximum 

Iron *1500 parts per million maximum 
Nickel 0.08% maximum 

Copper 0.05% maximum 

Aluminum 0.15% maximum 

Manganese 0.03% maximum 

Silicon 0.10% maximum 

Chromium 0.05% maximum 

Magnesium 0.05% maximum 

Beryllium Oxide 1.50% maximum 

Beryllium Remainder 


Total impurities (other than beryllium oxide) shall not ex- 
ceed 0.50%. 


* 700 parts per million desired. 


Norair, Div. of Northrop Corp., heads extrusion program 
aimed at developing “bare” extrusions techniques for 
this shape. 


Straightness: 


0.0125-in. per ft of length 
Twist: 


(circle size) 14° per foot of 
length; 5° total maximum 
(Less than 0.188 in. thick) 
+2° at any point of mea- 
surement 

+ 0.250 - in. 

(Cross-wise dimension) 0.004 
in. per in. 

100 microinch general. 

20 linear feet 


Angularity: 


Length: 
Flatness: 


Surface Roughness: 
Target Length: 


DIE DESIGN AND MATERIALS were guided by 
beryllium’s highly abrasive effect, and its ten- 
dency to fracture at intermittent intervals 
(rattlesnake). A secondary finding was the need 
for a die that would not “wash-out” in the event 
lubrication became inadequate. The cobalt-chro- 
mium alloy dies gave best performance. They will 
probably be used until all variables, such as lub- 
ricant inconsistency can be considerably im- 
proved. 

LUBRICATION must be provided on the face 
of the die. To be effective, lubricant for beryllium 
extrusion must: 


@ Not react with or contaminate the 
metal. 
@ Wet and adhere to billet surface. 
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Nuclear Metals Inc., is doing actual extrusion in 
Northrup study. Shown is typical press arrangement. 


TABLE Il!. TOOL DESIGN AND USE DATA 


Tool Geometry Turning Forming 
Back rake angle, deg 0 +8 
Side rake angle, deg 7to8 None 
Side-cutting-edge angle, deg 12 to 15 None 
End-cutting-edge angle, deg 8 to 15 None 
Side relief angle, deg 7 to 10 7 
End relief angle, deg 7 to 10 7 
Nose radius in. (continuous cutting) Ve, to Ve None 
Nose radius in. (interrupted cutting) Ae None 


Speed, Feed, and Depth of Cut 


Speed, fpm 150 to 250 

Feed, ipr 0.01 to 0.015 

Depth of Cut, inch Up to 0.100 

Horsepower 1 hp per cu in. per minute 


(Speeds up to 1000 fpm may be used for very short intervals.) 


Tool Materials 


Carbide Grade C-1 for interrupted cutting. 
Carbide Grade C-2 for continuous cutting. 


@ Possess body and lubricity. 
@ Insulate the die from the metal being 
extruded. 
@ Become viscous at proper temperature. 
Glass best fills these requirements... 


EXTRUSION SEQUENCE is to: 


@ Heat billet in inert environment. 

@ Remove billet from furnace. 

@ Roll billet in glass powder, flock, or 
both. 

Place billet in container on press. 

e Bring ram home at desired speed. 


Beryllium Corp. heated billets in 10 per 
cent NaCl, 90 per cent BaCl, solution. Billet was 
placed in steel jacket to prevent contamination 
and also prevent billet from floating. Nuclear 
Metals coated billet in water-soluble glass slurry, 
then heated it in argon atmosphere. Tempera- 
tures ranged from 1635 to 2000°F after preheat. 
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TABLE IV. TOOL DESIGN AND USE DATA—MILLING 


Tool Geometry Rough and Finish Milling 


Back rake angle, deg 0 to 10 

Side-cutting-edge angle, deg 7 

Face-cutting-edge angle, deg 3to7 

Side relief angle, deg 10 to 15 

End relief angle, deg 10 to 15 

Land, in. Veo to Yg 

Speed, Feed, and Depth of Cut 
Speed, fpm 60 to 100 100 to 150 
Table Feed, ipm 3 to 6 3to6 
Depth of Cut, inch No data No data 


Carbide Grade C-1 for rough milling. 
Carbide Grade C-2 for finishing milling. 


Billet temperature at time of extrusion 
was not determined. Transfer time was about 15 
sec and some temperature loss naturally occurred. 
Billet container was maintained at 900°F. Opti- 
mum extrusion temperature is believed to be 1750 
to 1850°F. 

Starting tonnage for U-shaped channel il- 
lustrated ranged from 1438 to 1700 tons on the 
large press and from 457 to 949 tons on the small 
press. Billet variables caused such a large spread. 
Optimum extrusion reduction ratio was found to 
be between 20 to 1 and 35 to 1. Ram speeds 
varied from almost zero to 1% in. per sec. Ram 
speed had no apparent effect on extrusion quality. 

TEST RESULTS, using ‘special techniques to 
take care of extreme brittleness, were as follows: 


UTS 80,700 psi 
Yield (0.2% offset) 54,100 psi 
% elongation in 7 in. 3.5 to 6.0 


Norair feels bare extrusion technique will pro- 
duce useful shapes and lengths within 2 years. 


Sheet Rolling 


Air Force sheet rolling program is now 
under direction of Brush Beryllium on contract 
AF 33 (600) -35829. However, other organizations 
are also neck-deep in studies, since sheet mate- 
rials are of prime import. 

When close attention is paid to the grain 
orientation in the rolling process, 30 to 40 per 
cent elongation can be achieved in all directions 
in the plane of the sheet. This amounts to two- 
dimensional ductility. In the third direction, duc- 
tility is almost nil. To date, physical properties 
in the sheet are very inconsistent. If ultimate 
tensile strength of 70,000 psi could be obtained 
with certainty, Beryllium Corp. feels the maker 
would have plenty of buyers. Sheets 0.060 in. 
thick and trimmed to 20 x 40-in. flat have been 
delivered to Martin-Denver for forming and join- 
ing studies. Beryllium Corp. was setting up to 


15 


- GO > CE d= \\ \ 2 

4 ERR Wwy- Feantatertaraventesss aa ie oe 

ey S W Gj RE a ae ei 

é XAG , KY — a 4 ake 

|  - &} WH, Wn ; 4 Sey 

fat ee Zz ZAZA <li : SSSA 4 Tool Materials y ee & . 
9 ot 

| = 
a . 
a = a 

fer ‘ eer | LS Leumealle TRIM as, 5 immagine ar a Meat fra 5 SAR eh 0 Ss ME 2 lr ie oui : 


beryllium . « « continued 


<n 


CARBIDE TIP 


SEAMLESS TUBING 
(DEPRESSED TO A “v" 
AS SHOWN ) 


Considerable difficulty may be experienced in drilling deep 
holes in beryllium. With conventional twists and drill 
materials, drill may bind. Shown is one type of 
single-fluted rifle drill that has been successful. 


roll 0.020-in. thick material in widths up to 44 
in., and lengths of 105 in. at this writing. Virtu- 
ally every major aircraft and missile company 
has received some beryllium sheet from the roll- 
ing program. Lockheed figures to be one of the 
largest users of structural beryllium in the im- 
mediate future. Polaris program has been the 
basis of most studies; nuclear rocket study re- 
cently awarded by NASA will also bring some 
attention to beryllium. 

Brush, jackets sintered blocks in steel, 
heats to about 1000°F rolls to about 14 in. From 
here pack rolling similar to that used in titanium 
is employed. Sheet and plate are rolled bare down 
to “a few mils,” and 30 in. wide. 


Forging 

Furtherest extension of the forging art 
has come from NASA decision to use beryllium 
heat sink as back-up material for Mercury cap- 
sule. This forging work was done by Brush in co- 
operation with Alcoa. Brush first hot-pressed a 
62-in. diam billet. Heat, pressure, and vacuum 
were applied to QMV powder simultaneously to 
do the job. After inspection and preliminary ma- 
chining, the billet was shipped to Alcoa-Cleve- 
land, where it was jacketed in steel and heated 
to 2000°F. The billet was removed from the 
jacket, placed in the 50,000 ton press, and “hot 
upset” to a saucer-shape, 80 in. across and 3-in. 
thick. 

Wyman-Gordon fabricated the first closed- 
die forging of beryllium on their 18,000 ton 
press some months ago. This program was in 
cooperation with Beryllium Corp. More accu- 
rately described as “hot press-forging’’, this feat 
was achieved by packing a double-walled cone of 
1020 steel with powder, heating it, and squeezing 
it down about 85 per cent. Steel jacket was then 
removed with HNO, pickle. The press-forging 
was carried out at 2000°F, and pressure appli- 
cation was for about 30 sec. 
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Forging may play an important role in 
the preliminary processing of beryllium, as well 
as in making final shapes. Wyman-Gordon has 
such a strong faith in the metal and the forging 
process that a great portion of their facility is 
now being geared for the handling of beryllium 
from powder to final shape. Use of forged stock 
for rolling to sheet has been encouraging. 

Tests at The Martin Co. tend to indicate a 
structural superiority in sheet fabricated from 
forged (or hot-upset) stock. Samples showed an 
UTS of 70,000 psi, with about 20 per cent elonga- 
tion in the plane of the sheet, and over 1 per cent 
elongation in the short tranverse direction. Bend- 
ing tests in particular showed the superiority of 
this type sheet. 

North American Aviation Corp. is con- 
ducting their own forging investigation. Cana- 
dian Steel Improvements facilities are being used 
in this program. 


Machining 

Beryllium machines like cast iron, but is 
more abrasive to tools. There is a great tendency 
for the metal to chip when the tool leaves the cut. 
This is because of brittleness. The tendency can 
be relieved in turning by chamfering both ends 
of the work piece to finished diameter before 
turning. 

Carbide tools are normally used for turn- 
ing, milling, drilling, at speeds of 250, 150, and 
100 sfpm respectively. Method of chip collection 
and air exhaust also govern turning speed. AEC 
recommendations are to regard the metal as “po- 
tentially toxic.” Maximum allowable concentra- 
tion of beryllium in the air should be 20-micro- 
grams per cubic meter. 

Extreme care must be taken to preserve 
chip cleanliness for reclaiming. Some companies 
avoid cutting oils because of this. Cimcool S-2 
(Cincinnati Milling Machine Co) gives good re- 
sults with mixtures of 40 to 1 for milling, drilling, 
and grinding, and 10 to 1 for reaming and tap- 
ping, where cutting fluids are mandatory. 

Exact tool design and speed-feed rates 
can be obtained from accompanying tables, These 
should serve as a guide, or starting point and 
should not be regarded as final. 


+ 


Look for Part II of this special report by the editors of 
Aircraft and Missiles. The subject will be joining beryllium. 


A REPRINT 
of this article can be obtained by writing on company 


letterhead to 


The Editor, AIRCRAFT and MISSILES 
Chestnut & 56th Sts., Philadelphia 39, Pa. 
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BOEING 8-52 - 7 SIKORSKY S-56 


designing with 


usage now measured in tons; 
lightness, workability 

attractive for missiles; 

Titan skin about 40 per cent mag-alloy 


Designation, composition, and available forms of 


magnesiumthorlum alloys are given. In the producibility spectrum of metals, 
——————— : 
tones! Composition, extending from the workhorse to the exotic, mag- 
__ ay Coniguation _ are nesium occupies a distinctive spot. It is light and 
i as a i ake meee extremely workable; and among the newcomers 
HK31A HK31XA 3.0 — 0.7 — Sand castings, sheet, and plate : saat $ ‘ $ 
pes < Ree weed = Ei PE 8p geomet to the aircraft and missile industry it is now 
HM31A ss HM31XA 3.0 — — 1,5 Extrusions reaching the tonnage-use status. Viewed in an- 
HZ32A 271 3.0 2.1 0.7 — Sand castings ; ; bad i 
pen = oe at — ‘Sepeeee other way, this spells tons of weight saving. 
HMIIXA  — 1.2 — — 1.2 Die castings Application-wise, magnesium alloys may 
HZ21 ZTX (British) 2.6 1.0 0.6 — Extrusions, sheet, and forgings s saqe ; 
ad “sees 20 48 07 — tome be grouped in three categories: (1) conventional, 
room-temperature alloys; (2) magnesium rare- 
Modulus of elasticity is given for cast earth alloys for service at 350 to 450°F; and 


magnesium-thorium alloys at room and elevated . = : : 
temperatures (Modulus value: psi x 10). (3) magnesium-thorium alloys for short-time 


ee service up to 700°F. 
Temperature, °F By its high-temperature properties, the 


Alloy dineeeemeniigiiiiectall painters — 
ea ral ni. li. alll ob A ce last group is of particular interest to aircraft and 
HK3IA 16 ont 06 04: 08 Ff 68 < missile designers. Eight thorium-bearing mag- 
HZ32A TS Sand Cast «6.5 - 5.9 5.7 5.5 nesium-base alloys are currently offered for ele- 


HMI1XA F Die Cast 6.2 6.9 68 6.7 6.6 


vated-temperature service. These are tabulated 
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This article is based on a recent report by the Defense Metals 
Information Center, Battelle Memorial Institute, and data from 
The Dow Chemical Co. 


Room Temperature 300 °F 

UTS YS &E UTS YS %&@E UTS 
Alloy 1000 «61000 in 1000 ©=61000 in 1000 
Des. Temper Form psi psi 2 in. psi psi Zin. 


400 °F 500 °F 600 °F 700 °F 


YS %E UTS YS %E UTS YS %E UTS YS %E 
1000 ‘in +1000 :-1000« in. «=Ss«*1000 1000 «in ~«=Ss«1000 «1000S in 


psi 2 in. psi psi 2 in. psi psi Zin. psi psi Zin, 
4 7 23 13 19 20 12 22 13 8 26 
10 33 4 9 39 12 8 38 10 7 29 
15 28 14 10 30 - - _ = ~_ - 
14.6 13.5 _ _ _- 12.4 1.9 13.6 9.0 9.0 14.5 


Typical tensile properties of magnesium-thorium casting alloys are given (in 
optimum heat-treated condition) at room and elevated temperatures. 


HK31A Té6 Sand casting 31 16 6 27 15 12 

HZ32A T5 Sand casting 29 15 6 22 12 23 

ZH62A T5 Sand casting 40 27 8 26 20 24 

Tz4 TS Sand casting 32.4 19.0 4.5 — _ _ 

HMIIXA F Die casting 30.2 21.2 4.3 - _ - 16.8 
adjacently, giving composition and available 


forms. Principal alloying elements, in these, are: 
thorium, zirconium, manganese, and zinc. Iden- 
tifying designations consist of two letters indi- 
cating the alloying elements used in the greatest 
amount. 


Z—zine 
M—manganese 


H—thorium 
K—zirconium 


These are arranged in order of decreasing per- 
centages rounded off to whole numbers. Letters 
(usually A) following rounded-off percentages 
indicate modifications of the original alloy; an 
“X” denotes a development alloy. 

Currently, most magnesium-thorium alloys 
exhibit little variation in physical properties. 
Densities range from 1.75 to 1.87 g/cm*. Co- 


Aircraft and Missiles ¢ November 1959 


efficients of thermal expansion are very near 
14.5 x 10° in./in. per °F, and specific heats are 
near 0.25 Btu/lb/°F. Thermal conductivity, how- 
ever, depends on composition and temper. 
Magnesium-thorium alloys are fabricated 
by the same techniques used for other magnesium- 
base alloys; they are likewise worked at elevated 
temperatures. Development studies indicate that 
forging temperatures of 700 and 1000°F can pro- 
duce sound shapes with good mechanical proper- 
ties. Extrusion, however, requires higher tem- 
peratures and pressures than for conventional 
alloys; magnesium-thorium alloys are also more 
difficult to roll into plate and sheet. Sheet stock 
of HK31A and HM21A alloys have been formed 
at 650 to 700°F without subsequent loss in 
strength. Forming methods applicable include 
drop-hammer forming, press braking, spinning, 
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Room Temperature 300 °F 400 °F 


“UTS YS(T) YS(C) %E UTS YS(T) YS(C) GE UTS YST) YS(C) 
1000 ‘in 1000 1000 1000 in 1000 1000 1000 


i teow 1000 1000 


%E UTS YS(T) YS(C) %E 
in 1000 1000 1000 in 


500 °F 600 °F 700 °F 
UTS YS(T) YS(C) ®@E UTS YS(T) YS(C) ME 
1000 1000 1000 in 1000 1000 1000 in 


orm psi psi = psi 2 in. psi psi Ss psi Ss 2 in. psi psi «psi «2 in. psi psi psi 2in. psi psi psi 2in. psi psi so psi «2 in. 

HK31A—H24 370 2828 8 a ee oe yr 4 | a SS a: ae oe 13 7 ww 70 — ~ _ 
Sheet 

HK31A—T5 3 Ot 23 864 2 (21 _ 23 so we -—- 2 21 12 — 26 21 “46 = 6- 24 10 6 - 90 
Forging 

HM21A-—TS 2. Boe 21 3s 6 @ 18 . ee. 6 6 8 25 ie tS a, " 8 9 80 
Sheet 

HM21A—T5 eo i 2 we -— 29 Y. | 29 6 14 _ 26 7s 25 12 9 — 45 
Forging 

HM31A—F 42 23 26 wW Yn ee) a Se ee 21 3s 0 2 ed ee 3 - 35 


Extrusion 


HZ21—F 36 26 - 6 : _ _ 21 7 we 
Extrusion 


(1) tensile. (C) compressive. 


se - = — ae 


Typical mechanical properties of magnesium-thorium wrought 
alloys are presented at room and elevated temperatures. 


Low-temperature tensile-properties 
are given for two 
magnesium-thorium alloys. 


magnesium » » « continued 


deep drawing, trapped rubber forming, and hot 
press and hand forming. 

Forming at elevated temperatures has its 
known advantages. Often, parts can be severely 
formed in a single operation without intermittent 
annealing; springback is small at these tempera- 
tures, hence, close tolerances are readily obtain- 
able. Machining, joining, and corrosion character- 
istics of thorium-bearing alloys are similar to 
most magnesium-base alloys. High feed-rates and 
deep cuts present no special problems; notch- 
sensitivity is a factor, therefore, surface flows 
must be prevented. 


Applications 


Magnesium applications in aircraft struc- 
tures have already gained wide publicity. A num- 
ber of typical applications have been highlighted 
in adjoining sketches. There are probably few 
missiles, operational or under development today, 
which do not incorporate magnesiura-alloy in 
some form. 

The Titan ICBM, and the Thor-Discoverer 
space research vehicle represent extensive uses of 
magnesium in missile structures. About 40 per 
cent of the Titan skin structure incorporates mag- 
nesium-thorium sheet and extrusions, amounting 
to some 2000 Ib. Magnesium-thorium sheet is 
used in four transitional sections of Titan skin 
as follows: (1) between first-stage fuel and 
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Ultimate Tensile 


Tensile Vieid Per Cent 

Alloy Temperature Strength, Strength, Elongation 

Designation Temper °F 1000 psi 1000 psi in 2 Inches 
HK31A H24 75 36.3 29. 7.5 
—65 43.3 32.0 5.0 
—110 42.7 30.6 4.2 
—320 54.0 33.0 6.2 
HM31A F 75 40.5 36.6 13.5 
—65 48.4 40.2 7.5 
—110 48.3 38.6 44.5 
—320 57.5 44.8 5.5 


oxidizer tanks; (2) between first and second 
stages of missile; (3) between second-stage fuel 
and oxidizer tanks, and (4) between second stage 
and the nose cone. 

Magnesium-thorium extrusions are used 
for external conduits between fuel and oxidizer 
tanks in both stages, also for stringers, longerons 
and hinges. Alloys used are HM21A and HK31A 
in sheet form, and HM31A extrusions. 

Each of the five Discoverer satellites 
launched to date, incorporated over 600 lb of mag- 
nesium-thorium alloys. Total weight of each 
vehicle ranged from 1300 to 1700 lb. Satellite’s 
skin and fairings are all HM21A-T8 sheet of 
0.071 to 0.143-in. thickness, rolled to a tolerance 
of +0.002 in. Structural requirements in this 
case include resistance to aerodynamic heating 
and temperature reversals (while passing in and 
out of Earth’s shadow), and resistance to com- 
pressive buckling. Discoverer satellite also in- 
cludes HM31A extrusions. HK31A-T6 castings, 
and forging of HM21A-T5 magnesium-thorium 
alloy. 

. 4 


A REPRINT 


of this article can be obtained by writing on company 
letterhead to 


The Editor, AIRCRAFT and MISSILES 
Chestnut & 56th Sts., Philadelphia 39, Pa. 
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For full information on the new Floating 
Zone Scanner ask our High Frequency 
Division for Bulletin No. 1600. 


For full information on the new Graphite 
Tube Furnace ask our Pilot Plant Equip- 
ment Division for Bulletin No. T-1084. 


LINDBERG ENGINEERING CO. 


2473 West Hubbard Street, Chicago 12, Ill. 


Los Angeles Plant: 11937 South Regentview 
Avenue, at Downey, California 


In Canada: Birlefco-Lindberg, Ltd., Toronto 
Circle 7 on Inquiry Card 


Qn Exhibit at 
the Metal Show... 


two important new 
developments by 


LINOBERG 


Visit Lindberg Booth 520 at the Metal Show 
and see these latest developments by 
Lindberg engineers. 


The New Lindberg Floating Zone Scanner (shown' 
at the left) has been expertly designed to 

provide more accurate and precise production 

of high purity semi-conductors and metals. It is 

an ideal tool for metallurgical research and 
production of semi-conductor devices. 


The new high temperature Graphite Tube 
Furnace, (shown below) has been developed to 
meet the demand for higher controlled temperatures 
for research and small production in the 
metallurgical and ceramic fields. Its temperature 
range of 1600° F. to 5000° F. makes it ideal for 
sintering of powdered metals, firing of ceramic 
bodies and high temperature chemical reactions. 
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High-strength titanium sheet and foil will 
probably soon be available in quantity. Anticipat- 
ing this availability, WADC has funded an in- 
vestigation of honeycomb sandwich brazing. The 
investigation covered alloy evaluation for core 
and face material, study of brazing alloys, process 
improvement, and structural testing. Importance 
of process improvement is evidenced by the fact 
that end-item cost for brazed sandwich is now 
about $300/sq ft. Metals Research Dept. of Ar- 
mour Research Foundation, who conducted the 
brazing study, focused great attention on the 
quartz-lamp radiant-heat process. 


Advantages of Quartz Lamp Process 


The advantages of the quartz-lamp radi- 
ant-heat over furnace retort techniques now in 
use are: 


Exploded schematic of equipment used for radiant-heat 
brazing process. The ‘“egg-crate’” strongbacks, and 
Vycor plates are transparent to radiation and apply 
flattening pressure. Entire apparatus was placed in an 
inert atmosphere. 
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“‘best’’ alloy for honeycomb sandwich face 
and compatible brazing-alloys selected; 
quartz-lamp radiant-heat process 

shows advantages over present techniques 


@ Good temperature control over a wide 
range. 

® Control over uniformity, or non-uni- 
formity by apparatus design. 

@ Clean, portable heat source that can be 
placed within atmosphere chamber. 
This eliminates need for costly, one- 
shot retorts. 

@ Low equipment costs. 

@ Good possibilities for adapting to con- 
tinuous production. 


Alloy Selection 


Nineteen titanium alloys were evaluated as 
facing sheet. Mallory Sharon’s MST Ti-16V-2 
14 Al was selected as the material for use in proc- 
ess studies. Republic Steel’s RS-140 was selected 
as standby material. 

The Mallory Sharon alloy is one of four in 
the Department of Defense Titanium Sheet Pro- 
gram. All four were chosen because of high- 
strength heat-treated condition, and high-form- 
ability solution-treated condition. All have good 
availability, and stability to 800°F. Ti-16V-2 14AI 
is different from the group in one important 
respect. It has a solution temperature of only 
1370 to 1400°F, which is very good for allowing 
selection of low melting brazing alloys. 

Seventeen brazing alloys were evaluated. 
For brazing titanium sheet to pure titanium core 
at 1500°F, Ag-28Cu-0.2Li and Ag-1.25 Mg-0.2Ni- 
1Li were best. The former is the stronger of the 
two. For brazing titanium sheet to stainless core, 
these two alloys plus Ag-7Cu-0.2Li and Ag-30 
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Cu-10 Sn were found best. Brazing temperature 
in the latter case was 1600°F. 


When And How To Braze 


For sandwich hardware to possess opti- 
mum mechanical properties, heat treat cycles 
must be closely controlled. This means that the 
brazing cycle must be accomplished somewhere in 
the heat treating cycle, without disrupting the 
optimum sequence. 

There are four places this could possibly 
be done: (1) prior to solution treatment, (2) 
during solution treatment, (3) prior to aging, 
(4) during aging. 

The last offers most potential advantages, 
but must be ruled out because there is no brazing 
alloy which melts at aging temperatures, 900 to 
1100°F. This leaves only the possibility of braz- 
ing at temperatures common to solution treat- 
ment. This factor has a great bearing on choice 
of materials and processes. 

Low solution temperatures are attractive 
so that low-melting brazing alloys can be used. 
The use of lower brazing temperatures is impor- 
tant from an economics standpoint, and from a 


Actual time-temperature plot shows thermal gradients during brazing cycle. 


purely metallurgical standpoint. At high tem- 
peratures, the brazing filler material sometimes 
attacks the honeycomb core. 


The Quartz-Lamp Process In Brief 


Quartz-lamp radiant-heating studies were 
conducted with the apparatus shown in the ac- 
companying schematic. Radiation from electrical- 
ly heated tungsten filaments, and from reflector 
surfaces, passes through an “egg-crate” support 
and Vycor plate glass to heat the titanium sand- 
wich. 

Just prior to brazing, face sheets were 
cleaned by dipping in a solution of 30 per cent 
nitric, 3 per cent hydrofluoric acid for 20 sec. 
Core was similarly cleaned, except that stainless 
core required 30-sec dip. Brazing shims were 
cleaned in the same solution. 

Since “bags,” or retorts, are not used in 
this process, pressure was applied mechanically 
through the “egg-crate,” and Vycor plate, to the 
face sheet. A 15-lb weight was adequate in every 
case. 


Lay up was placed in an enclosure evacu- 
ated to a pressure of 0.1 to 0.2 microns. Purified 


Position 


of thermocouples is indicated in inset. Cooling rate can be increased. 
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brazing titanium . . . continues 


helium was then admitted to a pressure of 1 at- 
mosphere and allowed to flow at a rate of 28 cfh 
during brazing. 

Typical time-temperature curve is illus- 
trated from actual test run with multiple thermo- 
couples. Power must be switched on and off to 
maintain heat. This is not uncommon in any 
thermostat controlled device. Power should be 
adjusted to give a constant brazing temperature 
“plateau” for 3 to 6 min. After brazement, power 
was completely shut off and panel was cooled by 
radiation and convention. Helium was kept flow- 
ing to give a cooling rate of 80°F /min. This rate 
can be increased. 


Circle 8 on Inquiry Card —______» 


Problem Areas 


Two components must be considered pos- 
sible problem areas in adapting the process to 
production. The “egg-crate” support, and the 
Vycor glass plate. “Egg-crate” problem is one 
of attaining adequate strength to transmit uni- 
form pressures when panels reach production 
size. Vycor reacts slightly with the adjacent 
titanium skins. The titanium seems to reduce the 
silica in the Vycor. 

Detailed results of mechanical test are 
available to qualified personnel from WADC. 
They are encouraging results. 

> 
Based on WADC technical report 58-467, “Brazing Titanium 
Sandwich Construction,” by John F. Rudy, Robert Necheles, 


Harry Schwartzbart, Armour Research Foundation of Illinois 
Institute of Technology. 


¢ ABOUT TITANIUM USAGE 


On a strength/weight basis it now appears titani- 
um alloys will be the most efficient structural metals for 
service up to 1000°F until 1968. This is based on the 
findings of a Defense Metals Information Study. 


The use of titanium in engines and airframes, 
on a per-unit basis, will increase continually throughout 
the period 1961-1968. Per-unit usage of alternative steels 
will exceed titanium usage and will exhibit an increasing 
trend in the early 1960’s. Steel usage may stabilize as 
titanium usage continues to rise in the late 1960’s. 


Usage estimates, for some of the weapon systems 
studied, average as follows for the example production 
years, 1961, 1965, and 1968. 

The table is a sweeping simplification of the de- 
tailed statistics on which it is based. The tabulated 
figures can be misleading if taken out of the context. 
For example, the average included a number of low- 


Six hundred |b of titanium are used in DC-8 
engine pods. Shown is an 80-lb panel for one 
pod. Material is Ti-75A (Titanium Metals Corp. 
of America). Ryan-San Diego fabricates pods. 


| Estimated Average Per-Unit Usage, per cent of structure weight 


“as 1961 1965 1968 


Titanium 


} 
Steel** | Titanium Steel** | Titanium  Steel** 


Predicted usage | 
Airframes*** 16 8 6 g 39 
Engines 24 8 24 9 24 

Possible usage 


Airframes*** 15 34 30 24 25 
Engines 22 10 22 " 22 


* 1400°F for short-time applications. 


** “Steel” includes only steel used in applications where it is 
considered an alternative for titanium. 


*** Casings for solid-propellant motors are included in the air- 
frames with which they are integral. Tankage for liquid 
rocket propellants are likewise airframe. 


performance support and training aircraft systems, es- 
pecially for the year 1961. 


Weight saving of 443 Ib is effected by using 
titanium compressor in J-75 turbojet engine. 
Pratt & Whitney says cumulative effect of this 
saving could make an airframe 4000 Ib lighter. 


= : 
foe  &§ | 
ee ——— —— aN 
Len I 
; seek y y py ea +9 sg ' ai a : 3 : 
a’ O2N\lCULLaar Weis . ; 
We P ARN #4 . ee y/o ) 
| fH ‘a NY *« \\ i FF zy tee rye ‘Be r 
y af > Py oe (- = bie) = yi yy ag ~ i ; ¢ 
Y. ed ma Xt a a - > — oes : yA 
€¢@ LQ \ ae \ van @ Sy oS ey ee 4 
gas/) \\\¥ heh i | ll 
dk rg ’ | : | y | q fr. ue - \ A ' a Mens. 2 aif | 
> } aa i} KR. fr) ay) y ee bi 
; A 4 g p ; ey 4 / ; a : ) tag : = : 
Po y a - Coal = pun " 
\2 : ee ays Bt ~ hs» = > ar 


/ 
/ 


/ 


=> 


Whether it hugs the earth or rides the stratosphere’s jet 
streams, modern transportation has one uncommon denom- 
inator—stainless steel. 


America’s first supersonic bomber — the world’s lightest full- 

size, railroad passenger car—the trucking industry's highest capacity lightweight 

trailer—all owe their existence to stainless steel’s extraordinary strength-weight ratio 
and almost indestructible good looks. 


/ Every American auto on the road today uses stainless steel functionally and decoratively 
‘to protect painted and treated surfaces, because only stainless steel requires no protective 
Lae treatment to preserve factory freshness and assure lasting customer satisfaction. And its 


-] / ‘ .... unusual workability means that finished product costs are usually lower than for any other 
h 
U 


bright metal. 


economies begin. 


SK Plants and Service Centers: 


J&L leads the industry in melt shop standards for stain- 
less steel—the point where quality starts, and production 


Whether your primary interest is function or form, J&L 
provides consistent quality for uniform production. 


STAINLESS 


Los Angeles * Kenilworth (N. J.) * Youngstown « Louisville (Ohio) ¢ Indianapolis « Detroit SHEET + STRIP « BAR + WIRE 


Jones & Laughlin Steel Corporation 


STAINLESS and STRIP DIVISION e¢ Box 4606, Detroit 34 
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Wayne Reinsch 


Arnold Newman 


Ted Austin 


Bradd Clayton | 


interview by Philip Geddes 


Q. Will B-70 utilize more stainless steel than any 
aircraft or bomber in the past? 


A. It will. The bombers in the past have 
been primarily aluminum aircraft. We’re in a 
temperature range now where aluminum is out of 
the question. 


Q. What temperature range? 
A. It varies considerably over the airplane 
... let’s say up to 1200°F. 


Q. Is honeycomb structure used, and if so, why? 

A. Due to the high density of steels and the 
lower load requirements in terms of density, cer- 
tain (optimum) thicknesses arise. You have to 
stabilize the material to get it into an efficient 
structural range. This is what forces us into a 
sandwich type structure, and a honeycomb sand- 
wich is used on the B-70. 


< Circle 8 on Inquiry Card 


design criteria 

and manufacturing methods revealed; 
PH stainless dominates; 

need for ‘‘wide’”’ sheet is overplayed 


In a tape-recorded interview, four engineers from North 
American Aviation Corp. set the record straight on the 
use of stainless steel in U. S.’s Mach-3 bomber. Honey- 
comb, sheet, forgings, extrusions, and castings are dis- 
cussed. Some penetrating facts are revealed in casual 
conversation. 


Q. Does the increased use of stainless in the B-70 
indicate a trend towards more stainless steel in 
future aircraft? 


A. Not entirely ... it’s hard to generalize. 
Beryllium is coming into the picture and it will 
be quite a strong contender over 1000°F .. . but 
stainless looks like it’s going to be the clincher 
for the immediate business. 


Q. How about stainless in commercial aircraft? 

A. The aircraft of the next generation, the 
immediate next generation, will probably be 
stainless steel .. . but I feel the number of units 
that are going to be produced will be low because 
of the economy factor. 


Q. What type of stainless steel will be used? 
A. The types used in the sandwich and also 
in the sheet metal construction are the PH steels 
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for the most part . . . strength is around 200,000 
psi. They’ve been chosen for this strength and 


for corrosion resistance. Although there are 
steels that have higher strengths, this corrosion 
resistance characteristic is important. 


Q. What specific alloys are in use? 

A. PH 15-7 MO is one of (Armco’s) better 
grades for this application, as well as the 350 and 
355 alloys of Alleghany-Ludlum. We call these 
the semi-austenitic precipitation-hardening corro- 
sion-resistant steels. We (NAA) group these 
three together in the same family. 


Q. Convair people have mentioned that gauges are 
quite thin on Atlas. Are still thinner gauges 
used in the B-70? Are new welding techniques 
employed? 

A. The Atlas is a resistance-welded struc- 
ture—(Convair) can use a different type of mate- 
rial than we... So where they’re using the hard- 
rolled 300 series materials, we’re using the heat 
treatable types. They are heat-treated along with 
the sandwich brazing sequence in many cases. 
Sheet thicknesses down to around 0.006 in. are 
required for our applications, and they range up- 


ward. We’re also using foil in thicknesses down 
to about one-thousandths thick . . . thickness 
tolerance becomes a real important issue on total 
weight. Thickness isn’t any more important, or 
significant, than the tolerance that goes with it. 
So here is where the American Iron & Steel In- 
stitute would take a real interest in this product. 
Before anyone offers a product they should have 
to meet the thickness and tolerance requirements, 
or they should have a way to reach them after 
the product is rolled—one or the other. 


Q. Do these applications put a strain on the com- 
mercial tolerances, and width capacities? 


A. It’s quite common in this industry to 
talk about one-half of A.I.S.I. tolerances, and the 
mills are quite capable of producing this without 
a premium cost. This is a start but there is still 
the tolerance of +0.001. That brings us down to 
something quite a bit less than one-half of the 
standard A.I.S.I. tolerance. We require widths 
up to 12 ft. We’re now able to get 48-in. widths. 
So from 48 in. to 12 ft, represents quite a change 
in width requirements. 


continued on next page 


NAA engineers (left to right) Clayton, Reinsch, Newman, and Austin examine 
some of the non-structural stainless steel parts in B-70. Flexible hose for 
4000 psi-400°F hydraulic system is one area still under vigorous develop- 
ment. Structural applications are mostly weided-brazed honeycomb sandwich. 
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Stainless steel ... continues 


Q. So what’s the answer—a giant new family of 
Zendzimir mills? 


A. This has been proposed as a possibility. 
It sounds like a good one, if the tolerances can 
be made. The other one is to weld narrow sheets 
together in multiples, until you achieve the 12 ft 
width. This is the matter of economics again. 
There isn’t too much point in making precision 
rolling equipment to get a close tolerance, which 
will be ground anyway. (Interruption.) I think 
we ought to point out that this large sheet re- 
quirement shouldn’t be taken too seriously. 
Everybody seems to be getting excited about the 
necessity. It’s something that can be worked 
around. 


Q. In other words, it doesn’t justify a crash program. 


A. This is exactly what I’m trying to put 
across. 

Q. Is there anything you would want to say about 
manufacturing? 

A. I might say the materials we are using 
require complicated processing. The heat treat- 
ment has to be compatible with our brazing cycle. 
The materials have very specialized requirements 
which are way over and above what we have 
worked to in the past. We have to be able to 
process parts and get aerodynamic surfaces, after 
heat treatment, of about 0.002 in. This makes 
heat-treat distortion and other processing vari- 
ables very critical. It requires very tight controls. 


Q. What are the manufacturing processes? 

A. They are principally welding. We are 
using a lot more welding in our fabrication than 
we ever have before, so brazing and welding have 
come to a new importance. 


Q. Are any of the skins tapered? 
A. A great many will require tapering. 


Q. How are they tapered? 

A. I don’t think this is restricted. One of 
our latest developments in obtaining tapers, both 
single and multiple, is by belt machining. Simply 
a sandpapering operation. Another way is by 
chemical milling, by going through a solution at 
variable rates. So we’ve just about eliminated 
the standard milling operation because of the 
close tolerances required. Many of our applica- 
tions require several tapers in the same skin; 
and they’re not always parallel to the direction 
of rolling. We go off on tapers that will cut 
“catty wompus” across the sheet rather than with 
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the sheet.. We can whittle it out cheaper than we 
could buy it rolled. 


Q. Are there any stainless steel extrusions in the 
B-70? 


A. I would say we'd like to have extrusions. 


Q. What specific problems do you face in obtaining 
extrusions? 


A. The only point in going to extrusions 
is to get a shape or to improve mechanical proper- 
ties. Some of these materials, apparently in the 
extrusion range, have a hot-short characteristic, 
this results in surface tearing or bad surface. 
Poor tolerance arises from die wash, the tem- 
peratures, and the abrasiveness of the material. 
So if we can’t get the tolerances and the surface 
we want, extrusions start to lose a lot of their 
appeal right from the beginning. The second 
point, if we can improve the mechanical proper- 
ties, then some of these other things might be 
worth living with or trying to overcome. We 
think, in some of these PH steels, this is true. 


Q. What is the extent of extrusion use? 
A. I would say it’s a difference from noth- 
ing in the past to a substantial amount. 


Q. What is the extent of the use of forging? 

A. The fact that we can weld steels, and 
heat treat them, makes it possible for us to think 
in terms of welding, which are entirely new. The 
forging requirement, as we would think of it in 
terms of aluminum, like large massive forged 
spars, bulkheads and so forth, is not a require- 
ment. However, if we could get the large forging 
economically, with the basic material tolerance 
and with the needed strength, there would be a 
slight advantage over the weldments. Our weld 
assemblies, even with subsequent heat treat, 
suffer a strength reduction across the weld. 


Q. How about structural castings in stainless? 

A. So far, strength values with castings 
haven’t come up to what they should be from a 
weight standpoint. So, weight being all-impor- 
tant, we just can’t afford to go the casting route. 
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Vinson valves are used in the dynamic 
checkout unit built by Consolidated 

Systems Corporation for use in the Atlas 
missile program. } 
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Behavior of helium and nitrogen 
valves can be predicted if you simulate 
conditions and pre-test on the ground. 
Pressure regulators, relief valves, 

and flow controls must be better than 
the systems they are checking. It 
takes knowledge gleaned from experi- 
ence to design ground support units 
that guarantee expected behavior 

of a missile up here. 


Vinson designed valves and regulators 
for both the dynamic and static check- 
out systems for the Atlas. Whether 
your control problem is simple or com- 
plex, consult Vinson engineers. 


Differential relief, solenoid and priority valves, 
Flow and pressure regulators, 
Reservoirs and accumulators. 


8044 Woodley Avenue, Van Nuys, California 
TRiangle 3-3510 » STate 6-7210 
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new grip on honeycomb 


hard, water-soluble surface protective 
simplifies honeycomb chucking at Aeronca 


The basic structure of honeycomb pre- 
cludes the use of usual holding devices during 
machining. Structural component manufacturers 
have been experimenting with a variety of quick- 
hardening liquids to hold the material in place. 
To date each has shown some limitation. Most 
are hard to remove after machining, some let 
go during machining, and some are injurious 
to the core material. 


Serendipity? 
At Aeronca Mfg. Corp., a kind of serendi- 


pity played the starring role in helping solve 
some of these problems. A process engineer 


working with a Zincilate surface protecting agent 
noted the material was water soluble, hard, and 
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Zincilate WST-100, originally intended as a 
surface protectant, is spread on steel plate 

to hold-down honeycomb for machining. Weights 
are not used on core, merely hold frame in 

place until vacuum is applied. 


Honeycomb section is placed in steel frame. 
Rubber blanket is placed over frame and 
vacuum is applied. No heat is necessary. 


compatible with either steel or aluminum. He 
wondered whether it might also be used to hold 
honeycomb in place during machining. The ma- 
chining department investigated. Tests were 
satisfactory with stainless AM-350, AM-355, 17-7 
PH, and PH 15-7 Mo. A 1/16-in. coating was 
adequate, setting time was 15 to 30 min. As a 
result, Zincilate WST-200 is being used on regular 
production runs. 

Stainless steel core up to 3 in. thick and 
115 x 65 in, have been held down securely. Milling 
machine feed on % in. sections has been stepped 
up from 26 to 44 in./min. Setting time, which 
formerly ranged from 4 to 8 hr, has been reduced 
to 30 min. WST-200 is removed in a 15-min hot- 
water dip, other coatings used by Aeronca re- 
quired hours. 


Process Details 

No special equipment is used in applying 
the honeycomb hold-down coating. Aluminum 
frames, in sizes and shapes to match honeycomb 
sections, are placed on steel plates. Six 15 x 20-in. 
sections are worked at a time; larger sections 
are worked in pairs or singly. A 1/16-in. coating 
of WST-200 is poured and spread upon the steel 
plate inside each frame. The honeycomb is then 
fitted into the frame and covered with Osnaburg 
cloth. A rubber blanket is then rolled over the 
cloth and is pulled down snugly over frames and 
honeycomb by means of a vacuum. The cloth 
is used to protect the blanket from cuts and 
punctures, and to prevent the vacuum pressure 
from pulling the blanket tight enough to bend 
or distort the cells of the honeycomb. No weights 
are used on the core. 

When the coating has set firmly, the com- 
plete unit, now a single piece — plate, frame and 
honeycomb — is ready for machining. One man 
handles the entire operation, from the pouring 
of the hold-down coating to the finished machin- 
ing. While one set of honeycomb sections is 
hardening, he machines the sections previously 
prepared. 

Following the machining process, the units 
are removed to the cleaning department where 
they are dipped for 15 min. into a tank of water 
heated to 212°F. The honeycomb is then removed 
from the plate and frame and is completely clean 
and free of all evidence of the hold-down coating. 
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TESTS EGT SYSTEM ACCURACY to +4°C 
(functionally, without running the engines). 


RUNS TEMPERATURE SPREAD CHECK on TWO ENGINES | 
at SAME TIME. CUTS TEST TIME 50%. 


FESTS RPM ACCURACY to’ 10 RPM’ in 10,000 RPM {-+0.4%). 


CHECKS HEAT, ANTI-ICE and FIRE DETECTION SYSTEMS, 
Circle 10 on Inquiry Card 
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ASSURES...maximum range, 
lower operating costs, 
greater dependability 
of schedule operation, 
better assurance of on-time arrivals 
at planned destinations! 


The JETCAL® is in worldwide 
use... by the U.S. Air Force 
and U.S. Navy as well as by 
major aircraft and engine 
manufacturers...and air 
lines. Write, wire or phone 
(EDison 6-7243) for complete 
information. 


Bé&H INSTRUMENT Co., INC. 
3479 West Vickery Blvd., Fort Worth 7, Texas 
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Sales-Engineering Offices: 
ATLANTA, GA., COMPTON, CALIF., DAYTON, OHIO, VALLEY STREAM, L.1., N.Y., 
WICHITA, KAN., TORONTO, ONT. (George Kelk Ltd.), 

MITCHAM, SURREY, ENGLAND (Bryans Aeroquipment Lid., Exclusive 
licensee and manufacturer for Great Britain, British Commonwealth and Europe) 
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Army shows missiles and support equipment 
geared to mass-attack-disperse tactics 
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Vertol’s Chinook (107 

re prototype shown) could 
become backbone of 
Army’s mobility concept 
for weapons like Little 
John, Sergeant and Honest 
John. Weapon, support 
equipment, and crew for 
Little John are no strain 
for one Chinook. 


Honest John is a larger @& 
weapon, 27 ft long. Can 7 ¥ a 
deliver atomic warhead. ~ ae Ds 

Entire ground support — 
equipment cannot be carried 


in helicopter. No electronic 
controls are used. 


Redeye, a surface-to-air missile, is 

is man-transportable. The 20-lb weapon 
has rocket motor, explosive and guidance 
in its 3-in. diam. Mission is to destroy 
strafing and low-level bombing aircraft. 


“MAW” is an anti-tank weapon. Fires 
a 9-lb shaped charge about 500 yds. 
Weapon is 4 ft long and weighs 
about 35 Ib. It is often referred 

to as the 90mm recoilless rifle. 
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Army opened the gates at Aberdeen Prov- 
ing Grounds last month to display the weapons 
and ground support equipment it will use to effect 
its new hit-and-run tactics. About seven thousand 
members of American Ordnance Assoc. (AOA) 
saw the demonstrations. 

Whole Army approach is now geared 
around keeping men and equipment dispersed, 
except during actual attack. At the appointed 
time forces will rapidly mass, attack, then 
rapidly disperse again. This calls for a high 
degree of mobility, and weapons which lend them- 
selves to speedy assembly and disassembly. 

Some of the highlights of the AOA demon- 
stration were: (1) the complete assembly of a 
Sergeant missile on its launch pad in about 10 
min., (2) displays of air mobility of Little John 
using a prototype of Army’s new turbine heli- 
copter, the Vertol Chinook, (3) “ripple” firings 
from various small-rocket launchers. 

Little John was landed, set up, fired and 
crew was ready for evacuation in less than 12 min. 
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quality of chips can mean economic success or failure; 
Carboloy Grades 44A and 883 good tool materials, 
tool geometry with 20 to 25-deg side-rake essential 


by H. J. Siekmann, market development & research 


and L. A. Sowinski, machinability engineer, 


Metallurgical Products Dept., General Electric Co. 


Ten years ago the uses for molybdenum 
were limited. It was used as an additive or alloy- 
ing agent for high strength steels. The pure metal 
was found rarely in anything but the electric and 
electronic industries . . . and even this was mo- 
lybdenum metal produced primarily by powder 
metallurgy. 


Industry has since learned to produce rea- 
sonably good sized billets of molybdenum; but, 
barely in time to meet the ever-increasing need 
for the metal in high performance aircraft and 
missiles. Its physical characteristics make it es- 
pecially valuable for these applications. Melting 
point is 4730°F with good hardness at elevated 
temperatures. 


Machining techniques of this refractory 
material, however, have not kept pace. 


To assist in finding easier and better ways 
to machine molybdenum, a test program was in- 
itiated at Metallurgical Products Dept. of the 
General Electric Co. Original thesis was that 
present machining practices could be greatly im- 
proved with properly designed and used cemented 
carbide tooling. 
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Chips Can Spell Economic Success or Failure 

One factor that had to be faced imme- 
diately was the high cost of the metal itself 
versus the varying scrap value of the chips. 

Pure arc-cast molybdenum, depending 
upon billet size and quantities ordered, runs from 
12 to 15 dollars per pound. Standard alloys of 
0.5 per cent titanium run from 18 to 16 dollars 
per pound. Chips of high purity can be remelted 
directly in the arc-casting furnace in quantities 
up to 30 per cent of total melt. This results in 
considerable savings over the pure metal. Hence, 
chips are of sufficient value to form an important 
part of any machining study. 

The value of contaminated chips is far 
less. In a large machining program chip contami- 
nation can make the difference between a profit- 
able operation and economic failure. This con- 
tamination-category would include chips mixed 
with other metals or rubbish, and chips uncleaned 
of cutting fluid or chips oxidized because of ex- 
cessive heat developed during machining. 

Preliminary investigations indicated that 
the conventional cemented carbide tool geome- 
tries—even when applied with reasonable speeds 
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0.100" DEPTH OF CUT 
0.010 IPR FEED 

200 FPM SPEED 
15° LEAD ANGLE 


0.250" DEPTH OF CUT 
0.010 IPR FEED 

200 FPM SPEED 
15° LEAD ANGLE 


0 200 400 600 


800 
TANGENTIAL FORCE-POUNDS 


Fig. 1. Parameters of tool investigation 


1000 1200 1400 1600 


molybdenum. .. 


Fig. 2. Effect of side-rake on tangential forces and unit 
horsepower at the tool. 


continued 


and feeds—resulted in semiworthless oxidized 
chips. All the previously reported machining eval- 
uations stamped the steel-cutting grades of car- 
bide as being completely unsatisfactory for ma- 
chining molybdenum and its alloys. Data 
obtained with a straight tungsten carbide-cobalt 
material indicated that the harder, more wear- 
resistant grades of cemented carbides provided 
an exasperating and unpredictably short tool life. 


Why Tool Life Is Short 

It was suspected that a good portion of 
this short tool life was due not so much to the 
abrasive qualities of molybdenum, as to minute 
chipping of the cutting edge. This was confirmed 
almost at once in the first stage of our machining 
investigation. 

This minute chipping of the cutting edge, 
in turn, was caused by excessive buildup and 
subsequent breakaway of tiny cutting particles 
of the cutting edge. Where this buildup was mini- 
mized or eliminated by manipulation of tool ge- 
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WORK MATERIAL: ARC CAST MOLYBDENUM 

HARDNESS: 180-190 BHN 

TOOL MATERIAL: GRADE 44A 

TOOL SIGNATURE: 0, 20, 8, 8, 15, 15, 3/64 R. 

COOLANT: NONE Ps 
DATE: 10-15-58 ~ 
FEED: 0.010 IPR oe 
DEPTH: 0.100” * 


34 6 we 20 3040 6080100 200 
TIME-MINUTES 


Fig. 3. Tool life vs. cutting speed 


; Table I. Average surface finish at various speeds using 
Carboloy 44-A tools. 


ometries, wear did not appear to be a major prob- 
lem. Good tool life was obtained at speeds as high 
as 600 fpm. (see “how to machine these HT al- 
loys”, May 1959). 

Since relatively poor chip flow was expe- = ile pitas ara 
rienced in both: the move conventions! teal gesme- Table Il. Variations in chip thickness at different speeds 
tries having either negative back or side rakes, _with 0.005 ipr feed, and 0250 in. depth of cut. 
and the standard geometries of brazed tools (0 
deg back rake and 6 deg positive side rake), it 
was a natural step to investigate and measure 
the effect of cutting forces on these tool ge- 
ometries. 

A bar graph of this investigational sector 
is plotted in Fig. 1. It is apparent that tool ge- 
ometries of higher positive rake result in more 
efficient chip flow. This reduces tangential cutting 
forces (or vertical component) by 50 per cent or 
even more. 

In Fig. 2 is shown the effect of side rake 
angle on both tangential force and unit horse- 
power (hp/cu/min). Study of the two charts 
shows that increasing positive side rake has a 
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molybdenum * « « Continued 


significant effect on forces and horsepower re- 
quired to machine molybdenum. 

The arc-cast billets used in these machin- 
ing tests were 180-185 BHN, with billet size 83% 
in. diam x 20 in. long, and 8 in. diam x 20 in. 
long. The two billets were composed of a standard 
0.5 per cent titanium alloy, while the third billet 
—pure molybdenum—had a 12-in. diam and 7-in. 
length. Experiments did not reflect any percepti- 
ble machining differences between the 0.5 per 
cent titanium alloy and the pure molybdenum. 

In conventional machining of non-ferrous 
materials or even the hardest steels, buildup on 
the cutting edge can be decreased and sometimes 
eliminated by increasing the cutting speed. In 
these tests of machining molybdenum, however, 
buildup on the cutting edge was still present at 
cutting speeds as high as 700 fpm. This was true 
even though the thickness of the chip went down 
as cutting speeds went up. With this buildup con- 
tinually present, it was extremely difficult to ob- 
tain an honest picture of tool wear free of minute 
chipping. 


Less Heat, Less Oxidation 


In metal cutting, 95 to 98 per cent of the 
machine’s horsepower is converted into heat at 
the cutting edge. In machining molybdenum with 
high positive rake tools less hp/cu/in of metal 
removed is used. This reduces the amount of chip 
oxidation by heat. Using these geometries, ex- 
cessive oxidation was not encountered until 
speeds reached 500 to 600 fpm, with feeds 
through the range of 0.005 to 0.010 ipr. 

Heat-oxidation tendencies were further re- 
duced by using an air blast on the chip and cut- 
ting edge. With or without the air blast, the 
heavier cross-section chips could not be allowed 
to accumulate in the machine tool’s bed. Heat re- 
tained and insulated in the center of the pile of 
chips was enough to oxidize the chips to deep 
purple. This was eliminated by adjusting the air 
blast to carry chips away from the cutting edge, 
scattering them widely over the chip pan. With 
better air blast cooling, there also appeared to be 
some reduction in the effect of the buildup caus- 
ing minute chipping of the cutting edge. 

As the cutting speed was increased the 
surface finish of the molybdenum improved 
(Table II). At the higher cutting speeds, feasible 
with cemented carbide cutting tools, the chip 
tended to separate from the billet in straight 
sections 2 to 4-in. long. 
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There was no hazard for the machine oper- 
ator, but when attempts were made to break the 
straight chip with a mechanical chipbreaker, 
enough additional heat was fed into the chip to 
cause excessive oxidation. With lighter cuts a 
chipbreaker was successful. This was probably 
because the higher chip cross-sectional area per 
cu/in of molybdenum removed allowed air-cooling 
of the chip fast enough to prevent heat oxidation. 


Recommendations In Brief 


Recommendations, boiled down, are for a 
tool geometry having a lead or side angle cutting 
edge of 15 deg. A higher lead angle was not 
found to be particularly advantageous. Back rake 
angles neutral at 0 deg or slightly positive did 
not seem too critical, but side rake angles from 
20 to 25 deg are considered absolutely essential. 

In feed ranges from 0.005 in. to 0.010 ipr, 
a tough grade of straight tungsten carbide/cobalt 
tool material like Carboloy Grade 44A was most 
successful. Lighter finishing operations with 
longer tool life were best accomplished with a 
general purpose straight tungsten carbide like 
Carboloy Grade 883. 

Honing is highly desirable. All cutting tool 
edges should be honed at about 45 deg to the rake 
angles to produce a cutting edge flat of 0.003 to 
0.005 in. The relief angles should be 7 deg and the 
nose radii between 1/32 and 1/16 in. 

Chip cooling should be done with an air 
blast and—as mentioned before—attention should 
be paid to agitating or distributing chips in the 
chip pan to prevent an accumulation of heat soak 
in a chip pile. (No experiments were made with 
either liquid or carbon dioxide coolants. Carbon 
dioxide is usually uneconomical, and liquid 
coolants would reintroduce the problem of chip 
contamination which was a basic part of our 
investigation.) 

It is possible to draw a tool lifeline indi- 
cating a relationship between cutting speeds and 
the resultant tool life that can normally be ex- 
pected (Fig. 3). Starting cutting speeds should 
be in the general neighborhood of 300 fpm, with 
increases up to 500 fpm for lighter feeds and 
depths of cut. 

As experience with machining molybde. 
num accumulates, there should not be substanti. 
ally great variation from the data so far obtained. 
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A REPRINT 


of this article can be obtained by writing on company 
letterhead to 


The Editor, AIRCRAFT and MISSILES 
Chestnut & 56th Sts., Philadelphia 39, Pa. 
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STRENGTH/WEIGHT 


How Lukens Application Research can help you 
find the right steel plate for the job 


Designing for maximum payload means tak- 
ing maximum advantage of today’s high 
strength steels. Experts who know these 
steels—from a practical as well as technical 
standpoint—can give invaluable assistance 
in the early planning stages. This is the job 
of our Application Engineering staff. 

LPG transport tanks and power shovels 
are widely divergent areas in which Lukens 
engineers have helped increase payloads. 

The use of Lukens “T-1” steel plate and 
heads in tanks for hauling LP-Gas has fos- 
tered an entirely new design concept in the 
tank truck field. This high tensile, high yield 
strength steel (100,000 psi) makes it pos- 
sible to mount wheels directly on the tank. 


ASK FOR THE LUKENS 


November 1959 


The dead weight of heavy underframes goes 
into payload. 

Working with a major producer of power 
shovels, our staff suggested tough Lukens 
“T-1” for buckets, dipper sticks, bucket teeth 
and other key parts. Lightweight, welded 
steel plate—rather than heavy castings— 
added as much as 40% to load capacity. 

From these successful projects—and many 
more—our Application Engineers have 
gained knowledge and experience of value 
to design engineers. That’s why we say... if 
your assignment is strength/weight, let it be 
our assignment, too. Contact Manager, Appli- 
cation Engineering, L-119 Services Build- 
ing, Lukens Steel Company, Coatesville, Pa. 


“T-1" STEEL BULLETIN 


Helping Industry 
Choose Steels 
That Fit The Job 


Circle 11 on Inquiry Card 37 


: ; : oe ee ae pee Le er RT tte ee 
t ‘ peat ae eee Se ee lis eS 5 
ie ues << Sie ee oe, age ee en i ae eee ie Rea 
eee Mees RR 2 pa Be oe LF | Se area ae ot 
ae Beare, Mes Ech oe ad ee ey ae Raa SS 5h ae ‘Se oo Sige on i rere ees 
mare ‘. 2 a ea a ee hard aa x, aes See aeSh Set can) bp isa Mi 
sR ae ewe 
: ee Tee LOD ee 
i . a = . ie 
* 7 <I sire be " - ; ie. oa 
os OCs 2 Si le a a ah Sie C2 8 ‘ re ee 
' die i anne GaP ea aati Ss . a ae ae 
ss Pee So gamers iP OR a a F ESAS gee ~ 
: ee eee" Rae <i ee ge : 
sy Joelle es eae [2S a ; 5 ee ; 
i é | aS eee eee A ea ae 
J | ae 2 2 oe Neo ee j 3 
' j : a of f aa aa | ‘ 
j 4 oy, ae e 2S ee ee is aie ees q Se: 
t j a. : Me ge es TE Mia ince 7! i la 
i | fis RM pee MS rN ee Pee rosie oe 
; , é j ‘f a it oe eee ee ee fe Sierek +t ae eR . 
4 ‘ea , “ > ec SGT Ses cen ee Ae te igs eae 
, ts if 4 & oie Pe ae ie Bere er ea eaiarecepaemae > Ate ee Eee ‘ 
j / P pa : ert eae ee = reas Phar | ee” ee aS ee Ret yes 
j/k tite & a 1 eyege o S Pe ee eer — Mace a ee os oe 
‘iE f ib : | erate i ee Sato OS , Benicia get aa aks 
; Fhe fe * 5 og aiallle eee OG Bee ay Be ieee Sgeegee opt Pee regeu re GF ae 
iii ee - « eas by i Bile awe: ies ae a ee ack ace cree sues 
ai AHN . rd ee ge ee Gh ere eres 
, + Ce SE ee a i 
' ‘ i Beis! g . ‘ : eg aps ee Sear es ae a a : eee 
i a, a fea reat oi _ Meee ees SY oe pe aioe foi beats a 
a. p eae es 3 2 ane a Aa eta Peg i ae” aaa ; : ( 
i ee: ts ‘ i Pee care pai aa sos Rak ieee ee eee 
: 4 i, ee = eee Fas : ae ee Pa. 8 Beet me 
jaa" ae. % |, Vere Sar ae SA de, eR ae he ee nets Aan 
t — f : geen Gye : sae ; . Z 
= Zz 3 e ‘ : : eee ae BOS saul eat ie Bac tS ie ves 
eo i ‘ : ; < : OE beeen Week “Tea oo a iptes ‘ 2 RASS ream gee a Hf 
, «oe a ae : ; - : ea an ee cies | ae ee ‘gan BE at a 
} 0 ¥ oe v5 OS eee cme” a SOP Bo area: te pa eee ee) a ah ae cue seek 
' i Pal Bog ae ae ae ees ate pie ee: eae ie ee ee ee tae ie 
- | ae Met i Se ” Pe “a Ae Lo Figueroa geet oa i : 
‘ F sa eG singlets ge Bk) RR a hie So We OE Mics Wi alee oy 
- EE sae af or os Coe FP. oe ae oe € Be Be ee eeu Nemo: 
Fi % # | . ge : he ae ee st ie ‘ac Ba gar’ pe Wael reek so Se ee eee Ei Aue i oe Aes a3 ee hog ran one Sew: Se 
: ‘e , ee ee ee a ee sf See ae | oes Sp ee 
f iy eet lee i =a EE % eae | ia ha ; : ; 
# :. = Bie es oe ee “a fee Re At atari eer ¢ Wig? iy ie ete CE iy # 
| 2 y = Rees ae st ae gy Be re a Bos alae ns Poe ke eit PEG). ieee ae ¥ a 7 A 
¥ a ietieia: Memmi ce . oe Ope A ae eee. eer Bo? eee ee ai SUS ee eae iat 45 
¢@ ' = i ee oa el. , aR ee ate be ee SO? Ye Se eee Meret 
F ay .§ es 5 sli a8 al il AS ee ei Se a eee tes «sg aes ae ee ere sec Me 
‘ a — eo ade Ae ———— Bae Selle s FOE ee ee - a ae eam so ees 
Ce . a sii scygaiaille = See a eal By peice ce ee *\ 0a ae 
. — ee si ee ST ia: al oe ee eames tee coe + am, Me St he 
eC ss a i he Je ee, era fie seen) pa 
é ee a ee ee Be eae Se eme oo . | te ie a eee i 
, ee ee ee Weed, “erage Sepang Ms a : co. 
ak Pee ee ee Se <i ae (ee es ey Seer nee Sa ao: Se . eee 
\ Wve SMa alec ae seamen cc aah ioe ay BY ecbieat Ri ape Boker) Si Canaan re TE oe es : 
F Sr es ae Best: Sey er a ee Beg ee Stee Re eer Sa vidiey a2 te aemceeme = ¥| i ts eT alee ame 
oe Birra bet ae ot eee \i gist Apa al . a ae > fiMigame  Seine th OTN cake eae MRA Rt Lio) eter ger wk 4 
Dek Meciony wore Sree pope e-] ee Bea ‘s EMR) Nel eer ey, eran ea isos As eer peeerce: hy he ee h : : 
Me. hee. nee ae ae 4 isa sage ee ely Pee ee ae eee. | pea ee : ‘ 
o> jen Se). St OE Coal Pe ES. hee ice Dee ty arias rs te Ge bP aoe ae ee aR eee iat 
Pe. tee eee ae ee ain 6 Somme ail 
' F Rene is), Pitesdalinsn ay Pome — ee ae Piase Ohm ey rid "oe Meare gt See he eae 
at a Sele wee ee ars - Se eae Sg Te fe ae Be Sy ree a oe | ees 
1 f aes oe eee EB 5 ae (oj a 2 iit oa aa ee fi acs a into oes ae a es eyes Fe iG te 4 
a ae ‘it oem on oe ae = PY ee | we : 3 Pare ee ae Ne pee 
ee [oe age ea Ueaine. See — ae Boe ee ‘e Pore Os Meni e FS PPR OE ee : z 
f ye ieee: eee (ee. ton came ‘a ia. awe - 2 es a ie eke ion SSO ae ae en Rael tS pe : ial 
M Pr st 2 aa es ee ee a can te F rio, eo hianeteenee 8 Peg S - i, aes te MC 4 Ae 
ye eee 4 ie ees 4h: PUP aa os ee: Sl Nara see ee eee. |i 
ee ae ee ef ee ae ee eee Be 8S i ee SE ne Fe. ee 2 
Sidi. (Leer Tat | é fete Son a oer gee iting , a ONG ae ae eae Rss Cibeetya ee AN, Ste UPA STS Ds aye: 3) + SES ae ar at eee — 
ee ON Te i me: oe ae Buen, Pe Pi. US eee ces pape ce PES A a. pee SENG Gap 2 Bee Pee ; 
eee | 5 oy eh epee ONE wa ee Pee 3s Sees. ae PS oct ta Be Ec distatiaeleretas tied cory or a ge een 9 i: 
P ' ee. ee ten, wel Name Oy mie a) meer ee re i : 
: a “aah: ara re . ae eee ee ce ol ae 2 ey oe Ae i eats ay a eee es os fe. eae: a 
Va 7 ee eee casi = es pag dete gael wor 4 Bedecc te = i me is Se nes 5 a ee ceil 
: an Ret ee: Se aa ore aa ee. oa cok ae ph ce Pee eee eS Be i. (ote arr re 
: ae? st fe Cae a ee “aes lias” Reco neo ety eee tee eal z 
| ee ea a a exits | See i eee ee a pie. ene uf, en Pet hee et sae ahr dy ae 
bs Se aes te ee oe ee ee ey eee ee ees, ; a ek aaa ene we ees teeta 
meee tg yo Ns Al eee ee is a Teeaaiee Wale uit was. Arras t i , a a ee = ates | etana 
Eo a 08 1 SRG Scat oe Re RL eet. Beat Mies 9G ade kab obi Pe . Be Pe ee eitae eA a che 
“ : “eed fee Be (i ao Be: 7 be ae ee. a eee , he eer te <a trees sees 
* Pod, 7 ee Pe. ae See | See : ee he Eta 
s UNE oie ea ee | ee oe ee Bs ee | 2 Soe 
i oN ee es ey SMR Gries ce ame eee ys eee 
; g * ey Sl eee oe “if: ie a Sa. ae oe bg tsh, : ere a <f ne, et 
‘ 4 : : ee a ae " ee oe i ant ice a Lo St ae sage 
ts bi - ? . a eee eae Hie a bs hee: Sees. Paar 4 un veh cee a SRS 
wy / 7 ae a ee ae ee ee ye oe aces. | aa Se Be 
t : Tee wi — a Sone. OL oe ae eee Sen hare : 
‘ eg 4 —— : ire Bo: ee eat a Sa. eat ee eee eh OR a Re Re ss tse 
ip, “ 7 ie eas ae Bh ge ee age me alsin 2 ie gee ee | 
’ ~ ; TR — on xa ao ae ee Pe Be Re 
. a) : m4 os io. ’ : eg Oe Ree ye, Oe oe oe ae iia itd wee 
«iis, ae 5 eae er 3 ei |e Em eeeaie mye &,.* 25) a a eae Pe Paes ce 
woes > : ee —t ey. nes ee FOV Gam mallee teh eget rai 5 ft 
; eda td _ . . — i, see) eS. |: ene cae re gh hac Cee ree me vey See 
‘ ; eee Se, yer ss, eee ee Oe Cee), a +e. ee en s 
val Pte ei . > “ ys sane “a OSE ee ee Peay Reet ieee te bes 
Se ee ee Fin “a eee eas 1 ee ale 
—™ a ee ’ ae & % ‘ ae | SS et So OSs Set ase ane ae 
i 3 . , & ee ga gh See, Wee he ie ne Caan ¥ \ 
. : i , 7 - . . . « ty) me ae) ease : vas see elas a Polit ears ee 
ie . é ‘ a Ria” eae 8 ine em is = So ot Te a Se et eek 
ee” cae Mie . oy f ee rms ptt te 7 Perey eee et Shae 
| ~ Pi. 3 . bo lng Ps : : , teh a nag Ace Rees ae ve ea : 
7 el igs es Se : . ~ ae OR ace lS eee hes 
j ‘ Ny xian] * 7 iy lie i Oe Sere eae eee a # ener 
. ‘Shy, * P s aan ‘ . Ser aes RABE a? i, re, i ¥ i. ss 
7 — sa * " m . * no “ “ORO ees) Receupie > Bae (= 2 Be Me 
aj . 7 ‘ ” ie ~. = ‘i ‘ . Vek ee ee ees | wins ve 
| 5 i ” en auimaaain = 1 pi a eee ar ae 
e a ry errs "4 7 ~ ; ee So yes: 
ak | oh EN | a ee | ae ee oe 
: : — a oe a” s ; * . m ah, : pet 
“i ® “m Ma — au saasiiiel hs, gate: é to ee ” be ‘ , whe Bes ae eet 
aes 2S . Mie aa, ee ee * , . Ps 
pe 4 
é eee Ea bat Smee Fat abs 
ae ips a 
ay yee > 1a 
aries gon" 2 ate Tigers) ae bi 
aoe a : ee : 
] 1 Ww 
a ae ioe Bet Tak aS met 
: Pc ee. peas. 
co 4 ay 5 a r 
Be ae ~~ 2 ee. | MG : 
Bes Nat 2 | om fer. ee peepee ay 
Wee 
Bo tr —— (p» Peg ae 
7 a8 (RD frais 
°. pd iat | co, oa SRM MRM a AR i oe era Ci as a aie 2) Salat ie alee ~ . - ! oe 
—ta”.* 2 ee a " : ies 


Master model (right) made of standard tooling resin is shown with 
honeycomb core contoured by new chemical milling technique. 


chemical milling honeycomb 


contouring core material with etchants 
may cut costs as much as 55 per cent; 
process available to ‘‘Chem-Mill sub licensees”’ 


by Philip Geddes 


A new chemical milling technique for 
shaping honeycomb core promises savings of time 
and money in sandwich construction. 

Until now, core shaping has been done by 
a variety of cutting techniques. Where deeply con- 
toured recesses could be cut out economically, the 
core was often crushed. 

The Norair Div. of Northrop Corp. worked 
18 months in developing the chemical milling 
process. Findings were then turned over to the 
Chem-Mill division of Turco Products for refine- 
ment, and study of production procedures. 


Tolerances and Cost 


Tests indicate no change in the physical 
properties of the core as a result of the chemical 
etching action. Dimensional tolerances on core, 


CONSTRUCT MASTER PATTERN 
TO DESIRED PANEL CONTOUR 
PLASTER 


MAKE NEGATIVE OF MASTER 
FROM WATER-SOLUBLE 


processed by what will be standard production 
methods, were easily held to 0.005 in. Tolerances 
on aluminum parts can be tightened to 0.003 in. 
and on steel to 0.002 in. with some extra precau- 
tions. Naturally, tighter tolerances increase costs. 
Materials worked on include 5052, 3002 aluminum 
alloys, and 15-7, 17-7 stainless steels. 

Norair made a cost comparison study on a 
test section of 34-in. thick aluminum core, 16 in. 
wide and 36 in. long. It was contoured to various 
thicknesses from 30 to 67 mils. Some areas were 
feathered to a sharp edge. An identical test piece 
was made by well-known machining methods. The 
accompanying table shows the savings inherent 
in chemical milling. All operations common to 
both specimens, such as edge trimming, are not 
considered in the cost comparisons. 


COAT FACE OF NEGATIVE WITH 
VINYL. PRESS IN HONEYCOMB 
SECTION 
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Cross-section of actual layup shows 
relationship of all materials prior to dissolving 
water-soluble negative. 
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M HONEYCOMB CORE 


COST COMPARISON 


TOTAL COMPARATIVE UNIT COST 


Total 
Quantity 10 100 = 800): 1000 
TOTAL —_——— + — 
METHOD TOOLING COST Release 
Quantity 5 10 25 50 


Chem-Milled $800.00 $280 $133 $93 $83 
Machined & Crushed $3500.00 $619 $208 $137 $120 


Under “Total Comparative Unit Cost” the 
projected figures show that a quantity produc- 
tion lot of 1,000 units, in release quantities of 50 
at a time, would cost approximately 31 per cent 
less per piece if chemically milled. Much more 
significant savings are seen in low quantity pro- 
duction where high tooling costs of machining 
must be absorbed in the low total output. In the 


FILL BACK SIDE OF LAYUP WITH 
WITH "CORSEAL” PROTECTANT 


DISSOLVE PLASTER NEGATIVE 
IN'H50 ,EXPOSE HONEYCOMB 


After panel is Chem-Milled, Corseal can 
be peeled away from honeycomb. Dressing 
the core with fine emery is sometimes 
necessary to remove maskant. 


case where a total quantity of ten parts was re- 
quired, savings increased to 55 per cent/unit, 
compared with the machined price. Assuming 
that the Norair study was basically realistic when 
applied to production, the cost advantages in 
using an etching process on honeycomb core will 
insure wide, rapid, adoption of the process. 
Licensing and Royalties 

Northrop holds a “sharing type” sub- 
license from Turco Products to use the Chem-Mill 
process. Under provisions of the agreement the 
process will be made available to all sub-licensees 
who have agreed to participate in the sharing of 
chemical milling inventions. “Chem-Mill royalt 
fees, based on the use of chemicals in the process, 
will remain the same as for sharing sub- 
licensees.” 5 


IMMERSE IN ETCHANT. 
DISSOLVE EXPOSED HONEY - 
COMB. PULL"CORSEAL" AWAY | 
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great flexibility permits 
high conformability 


Bonded resistance strain gages, improved 
at Tatnall by using ultra-thin, precisely con- 
trolled alloy foil with plastic, strippable 
backings, can conform to tight-radius, con- 
vex or concave curves and other difficult 
shapes. 


MetalFilm Strain Gages are temperature 
compensated and stabilized to give very 
precise readouts in high and low tempera- 
ture ranges. 


Many can be applied in less than 5 minutes. 


Every MetalFilm Strain Gage is backed by 
direct factory technical service. Discounts 
are given for quantity purchases. 


Contact our Department AM-11 for 
literature and information on specifi- 


cations, application and prices. 


TATNALL MEASURING SYSTEMS COMPANY 


aD 


A SUBSIDIARY OF THE BUDD COMPANY «+ P.0.BOX 245 + PHOENIXVILLE, PENNSYLVANIA PCs 
IN CANADA—TATNALL MEASURING AND NUCLEAR SYSTEMS, LTD. © 46 HOLLINGER RD. » TORONTO 16, ONT. 
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Partial view of a 10’ 
x 10’ x 35’ low tem- 
erature test cham- 
er built by the Pe 
Mantec Division of em 
Wyle Manufacturing ee 
Corp., El Segundo, 

California. Bulk lig- 


| ‘ ee. uid PURECO CO, can 
‘ ; oe bring the interior 
ine > wz. . down to —110° F. in 

a = ; ; minutes. 


PURECO CO, puts the freeze on Wyle test chambers 


Inside this low temperature chamber at Wyle Lab- 
oratories, missile and aircraft mobile ground sup- 
port test units are subjected to temperatures plung- 
ing well below arctic fare. 

The best refrigerant for this important test job 
is PURECO CO, in bulk liquid or solid form 
(“DRY-ICE”). It can be ACCURATELY CON- 
TROLLED, is MAINTENANCE-FREE, CON- 
VENIENT, RELIABLE and LOW IN COST. 


ag SL eR cae 


Wyle standardizes on PURECO CO, because 
PURECO means dependability of supply and 
know-how. 

PURECO’S Technical Sales Service is qualified 
to assist you in adapting CO, to any particular 
refrigeration or inerting application. Call your 
PURE CARBONIC representative. There are 
more than 100 PURECO locations from coast 
to coast. 


Pure Carbonic Company 


A Division of Air Reduction Company, Incorporated 
150 EAST 42ND STREET, NEW YORK 17, N. Y. 
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Switch to stainless 


cuts cost of small hardware 


Switching to costlier material to cut pro- 
duction costs of missile hardware, sounds contra- 
dictory. It is, however, what took place at Per- 
fecting Service Co., Charlotte, N. C., manufac- 
turer of precision metal products. The company 
is making special eye-bolts for Douglas Aircraft 
Co. 


Originally, these parts were produced 
from one-inch, round, AISI 4130 heat-treated 
steel of 125,000 to 145,000 psi tensile strength; 
an automatic screw machine was used. However, 
machining of the steel on such high-speed equip- 
ment soon proved troublesome; tolerances on a 
3/8-24 UNF-3A thread could not be held, nor 


Progressive manufacturing stages shown of missile 
hardware made of AIS! 4130 steel. 


Progressive manufacturing stages shown of 
missile hardware made of Type 416 stainless steel. 


could the spherical radius be cut smoothly. These 
problems were solved by running the work on a 
turret lathe, but at the expense of slowing down 
production to a crawl. 

Since finished parts required cadmium 
plating, threads had to be machined to pre-plate 
tolerances; a die head was used for threading. 
This presented another problem—the alloy had 
tearing characteristics which left a finished 
thread much rougher than desired. After thread- 
ing, parts had to be straddle milled. While this 
operation offered no problem in itself, it was 
impossible to hold the required finish of 63 RMS 
on the two flats. These surfaces had to be ground 
in a separate operation. Final drilling and ream- 
ing also presented difficulties; it became impos- 
sible to maintain the required surface finish. As 
a result, the manufacturer experienced a 25 per 


_cent rejection rate after cadmium plating. Much 


of this trouble came from the roughness of thread 
and plating buildup on feather edges. The prob- 
lem was solved somewhat by vapor blasting and 
buffing of threads before plating, but this added 
operation forced costs still higher. 

With Douglas’ approval, Perfecting Service 
switched from chrome-moly steel to a hardenable 
grade of stainless—AISI Type 416. The steel was 
furnished, by Carpenter Steel Co., in the heat 
treated condition with a tensile strength of 
125,000 to 145,000 psi. It was no longer neces- 
sary to cadmium plate finished parts; they were 
passivated instead at comparatively small cost. 
Improved machinability also increased produc- 
tion by 80 per cent while eliminating fabrication 
headaches. The same turret lathe operator who 
previously produced a maximum of 75 pieces a 
day now turns out 130 to 135 pieces. 

Although the initial cost of the stainless 
was higher, the actual cost of the part, figuring 
the savings in plating costs, is the same as it was 
using the AISI 4130 alloy. 

Type 416 stainless is a high-chromium, 
corrosion-resisting steel machinable at speeds 
comparable to those used with SAE 1030, 1120, 
and X1340; its low frictional properties have 
made it particularly suitable for this application 
by allowing grinding and polishing of parts 
easily. 


+ 
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RUBBER GASKETS 
RESIST FLUID ATTACK 


Special rubber formula- 
tion bonds to the metal gasket 
and provides an absolute seal in 
fuel line connections. Developed 
for Convair 880, other seals in 
family are available in a variety 
of fluid-resistant materials. 


Stillman Rubber Co. 


Circle 70 on postcard for more data 


BONDABLE SILICONE 
TAPE INTRODUCED 


Redesigned line of coated 
insulating materials includes 
bondable silicone rubber tapes. 

The new line also in- 
cludes a black varnished polyes- 
ter glass cloth for Class B duty, 
and a Class F Alkanex coated 
glass cloth. 

The new bondable sili- 
cone rubber tapes are available 
in both supported and unsup- 
ported form. Either can be hand 
or maciiine taped. 


Aircraft and Missiles ¢ 


The supported tape is of 
three-layer construction, consist- 
ing of fully cured silicone rub- 
ber, woven glass cloth, and semi- 
cured silicone rubber. 


General Electric Co. 
Circle 71 on posteard for more data 


MINIATURE FILTER 
HAS STAINLESS ELEMENT 


Miniature hydraulic oil 
filter element weighs about 1, 
oz. Approximately 4.2 sq in. of 
convoluted stainless steel wire 
cloth are packed into the filtra- 
tion area that is slightly more 
than 14 in. square. Total length 
of wire in filter is more than 
one-fifth of a mile. Filter is 
rated for 2 gal/min flow at tem- 
peratures of —40 to 275°F at 
2500 psi. Proof pressure is 3750 
psi. 


Element will remove 98 
per cent of all particles larger 


re oe ~ eres: ) % 
‘ % 


November 1959 
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than 10 microns, and 100 per 
cent of all particles measuring 
25 microns or greater. 


Purolator Products 
Circle 72 on postcard for more data 


HYDRAULIC PACK 
CONTROLS ROCKET ENGINE 


New hydraulic unit in- 
tegrates a complete rocket en- 
gine control system into one 
small package. Operating pres- 
sure is 3000 psi. Unit accepts 
electrical and pressure signals, 
then controls flow to six ex- 
terior ports and two manifolded 
servo valves by means of five 
special slide valve assemblies. 

A system filter and four 
other filters protect the servo 
valves from contaminants. 

Hydraulic Research & Mfg. Co. 


Circle 73 on postcard for more data 
continued on page 45 
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OF TRIMPOT” 
POTENTIOMETERS 


900,000 STOCKED BY DISTRIBUTORS AND FACTORIES 


Immediate “off-the-shelf” delivery is available of the entire line of standard Trimpot potentiometers— 20 basic models...4 terminal types... 
3 mounting styles! More than 2 million units are stocked by franchised distributors across the nation and at Bourns plants in Riverside, 
California and Ames, lowa. Wherever you are, whatever standard unit you need, there’s a Trimpot source close at hand waiting to fill that 
rush order...no need to hold up your prototype or production projects. 


This fast service is made possible by mechanized production processes. enlarged facilities, and greatly expanded engineering and production 
staffs. All this is part of our intent to provide the finest customer service program. It is another Bourns plus—in addition to the high quality, 
reliability, and performance that have won Trimpot potentiometers a place in major missile, aircraft and commercial electronic systems. 


A complete list of distributors appears on the opposite page. Write for price quotations or help with your special requirements — today. 


oe Ew 


retsow 3 a vs a 
1 aw*O, 


Inc. 
P.O. Box 21129 Riverside, California 


Plants: Riverside, California 
and Ames, Iowa, 


ENTS IIE I EE iireeg SS 
Tn Canada’ Dor uglas Randall (Canada), Lid., licensee 


Exclusive manufacturers of TRIMPOT®, TRIMIT®. Pioneers in potentiometer transducers for position, pressure and acceleration. 
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STAINLESS 316L USED 
IN HEAT EXCHANGERS 


Type 316L stainless steel 
tubing, a low carbon alloy, has 
minimized carbide precipitation 
and is not subject to embrittle- 
ment. It is being used by Gar- 
rett Corp. in heat exchangers. 
The 0.005 in. tubing is dim- 
pled to afford maximum surface 
for heat exchange, and is bent to 


fit the configuration of the heat 
exchanger shell. 


Superior Tube Co. 


Circle 74 on postcard for more data 


AL ALLOY 5083 
FOR CRYOGENICS 


Aluminum alloy 5083 is 
said to offer a desirable combi- 
nation of properties for cryo- 
genic equipment. It is one of the 
strongest of the aluminum-mag- 
nesium-manganese alloys, the 
5000 series, yet retains excel- 
lent weldability and weld ducti- 
bility. In addition, it has good 
resistance to corrosion. Alloy 
5083 is available in a wide range 
of sheet and plate gages and 
tempers, and in extrusions. 

Field experience in cryo- 
genic applications is limited. 
This accounts for some reluc- 
tance to use this new alloy. 


Kaiser Aluminum & Chemical Corp 
Circle 75 on postcard for more data 


continued on next page 


ALABAMA 
HUNTSVILLE 
Curle Radio Supply No. 2 
101 Winston Street 
Phone: JE 4-6511 


ARIZONA 
PHOENIX 


Radio Specialties & Appliance Corp. 
917 North Seventh Street 

Phone: AL 8-6121 TWX: PX 125 
TUCSON 

Standard Radio Parts,inc. 

218 N. lst Avenue 

Phone: MA 3-2545 


CALIFORNIA 


CULVER CITY 
Westates Electronic Corp. 
11334 Playa Street 
Phone: EXmont 1-6201 
INGLEWOOD 
Liberty Aircraft, Inc. 
9817 Inglewood Avenue 
Phone: ORegon 8-7163 
Newark Electric Co. 
4747 W. Century Bivd. 
Phone: ORegon 8-0441 
TWX: INGL 2365 
LOS ANGELES 
Kierulff Electronics, Inc. 
820-30 W. Olympic Bivd. 
Phone: Richmond 7-0271 
ZEnith 0271 
OAKLAND 
Elmar Electronics 
140 Eleventh Street 
Phone: eee 4-7011 
TWX: O. 
SAN DIEGO 
Atlas Electronic,inc. 
4618 Santa Fe Street 
Phone: BRoadway 4-3131 
Western Radio and TV Supply Co, 
1415 India Street 
Phone: BEimont 9-0361 
SAN FRANCISCO 
Pacific Wholesale Co. 
1850 Mission Street 
Phone: KLondike 2-0700 


COLORADO 
DENVER 


Denver Electronic Supply Co, 
1254 Arapahoe Street 

Phone: AMherst 6-1671 

TWX: ON 941 


CONNECTICUT 


NEW HAVEN 
Radio Shack Corp. 
230- ~ Crown St. 
TWX: 466 

ps wake SP 7-6871 


D.C. 


WASHINGTON 

Capito! Radio Wholesalers, Inc. 
2120-22 Fourteenth Street, N.W. 
Phone: HObart 2-0800 


FLORIDA 
MIAMI 


Electronic Supply 

61 N.E. Ninth Street 
Phone: FRanklin 7-2511 
TWX: MM 186 
MELBOURNE 
Electronic Supply 

Post Office Box 1655 
909 Morningside Drive 
Phone: PArkway 3-1441 
TWX: 7138 

ORLANDO 

Goddard — Orlando 
631 W. Central Avenue 
Phone: GA 5-5531 
WEST PALM BEACH 
Goddard Distributors, Inc, 
Post Office Box 829 
1309 North Dixie 
Phone: ga 3-5701 
TWX: WP-38 


GEORGIA 
ATLANTA 


Electro Air Corporation 
645 Antone Street, N.W. 
Phone: TRinity 3-1651 


ILLINOIS 
CHICAGO 


Allied Radio Corp. 

100 North Western Ave. 
Phone: HAymarket 1-6800 
Newark Electric Co. 

223 W. Madison Street 
Phone: STate 2-2944 
TWX: CG 1401 


INDIANA 


FORT WAYNE 

Ft. Wayne Electronics Supply, Inc, 
3606 Maumee Ave. 

Phone: EAstbrook 3431 
INDIANAPOLIS 

Graham Electronics Supply, Inc. 
122 South Senate 

Phone: MElrose 4-8488 


SOUTH BEND 

Radio 50 oe ~ ai Co., Inc, 
1212 High St. 

Post Office Box 1499 
Phone: ATlantic 8-4779 


1OWA 
CEDAR RAPIDS 
Deeco, Inc. 
Post Office Box 1668 
618 First St., N.W. 
Phone: EMpire 4-2491 


MARYLAND 
BALTIMORE 
D & H Distributing Co. 
2025 Worcester Street 
Phone: SAratoga 7-5100 
Kann-Ellert Electronics, Inc. 
Howard & Redwood Streets 
Phone: SAratoga 7-4242 * 
TWX: BA 587 
SILVER SPRING 
Kann-Ellert Electronics, Inc. 
11222 Triangle Lane 
Phone: LOckwood 5-5200 


MASSACHUSETTS 
BOSTON 
Radio Shack Corporation 
730 Commonwealth Ave. 
Phone: REgent 4-1000 
TWX: BKN 262 
CAMBRIDGE 
Electrical Supply Corp. 
205 Alewife Brook Parkway 
Phone: UNiversity 4-6300 
TWX: CAMB MASS 429 


MICHIGAN 
DETROIT 


Ferguson Electronic Supply Co: 
2306 Puritan Street 

Phone: UNiversity 1-6700 

TWX: DE 803 


MINNESOTA 


MINNEAPOLIS 

Lew Bonn Co. 

1211 LaSalie 

Phone: FEderal 9-6351 


MISSOURI 
ST. LOUIS 


Interstate Supply | Co. 
4445 Gustine 
Phone: Flanders 1-7585 


NEW JERSEY 
CAMDEN 


General Radio Supply Co., Inc. 

600 Penn Street 

Phone: WOodlawn 4-8383 (N.J.) 
WAlinut 2-7037 (Phila.) 

CLIFTON 

Eastern Radio Corp. 

312 Clifton Ave. 

Phone: GRegory 1-6600 

MOUNTAINSIDE 

Federated Purchaser, Inc. 

1021 U.S. Route 22 

Phone: ADams 2-8200 

TWX: WSFD NJ 319 


NEW MEXICO 


ALAMOGORDO 

Radio Specialties Co. 
209 Penn Ave 

Phone: HEmlock 7-0370 
TWX: 5671U 
ALBUQUERQUE 
Electronic Parts Co. 

222 Truman St., N.E. 
Phone: ALpine 6-0946 
Re dio Specialties Co., Inc, 
6323 Acoma Street, S. E. 
Phone: AMherst 8-3901 


TWX: AK 561 

NEW YORK 
BINGHAMTON 
Federal Electronics, Inc. 
P. O. Box 208 
Phone: Pioneer 8-6211 
BUFFALO 
Radio Equipment Corp. 
312 Elm Street 
Phone: MAdison 9676 
JAMAICA 


Peerless Radio Dist., inc. 
92-32 Merrick Road 
Phone: REpublic 9-6080 


MINEOLA, L. |. 

Arrow Electronics, Inc, 
525 Jericho Turnpike 
Phone: Ploneer 6-8686 
TWX: G CY NY 460 


Schweber Electronics 

Post Office Box 669 

60 Herricks Road 

Phone: Pioneer 6-6520 
TWX: GLY NY 580 

NEW YORK 

Harrison Radio Corp. 

225 Greenwich Street 
Phone: BArclay 7-7777 
TWX: NY 1-177 

Harvey Radio Company, Inc. 
103 West 43rd Street 
Phone: JUdson 2-1500 
Hudson Radio and TV Corp. 
37 West 65th Street 

Phone: TRafaigar 3-2900 


Milo Electronics Corporation 
530 Canal Street 

Phone: BEekman 3-2980 
TWX: NY 1-1839 

Sun Radio and Electronics 
650 Sixth Ave. 

Phone: ORegon 5-8600 

TWX: NY 1-4022 

Terminal Radio Corp. 

85 Cortlandt Street 

Phone: WOrth 4-3311 
ROCHESTER 

Rochester Radio Supply Co., Inc. 
600 East Main St. 

Phone: LOcust 2.9900 
SYRACUSE 

Syracuse Radio Supply Co, 
620 South Salina Street 
Phone: 74-2927 


NORTH CAROLINA 


WINSTON-SALEM 
Dalton-Hege Radio Supply Co. 
912 West 4th St. 

Phone: 5-8711 

TWX: W-Sal 373 


OHIO 
AKRON 


Akron Electronic Supply, Inc. 
107-117 South Arlington St. 
Phone: POrtage 2-8818 
CINCINNATI 

Herrlinger Distributing Co. 

115 Corwine Street 

Phone: GA 1-5282 TWX: Ci 125 
COLUMBUS 

Thompson Radio Supplies, inc. 
182 East Long St. 

Phone: CApital 1-7434 
DAYTON 

The Stotts-Friedman Company 
108-112 North Jefferson Street 
Phone: BAidwin 4-1111 


OKLAHOMA 
TULSA 


Indel Supply. Inc. 

Post Office Box 3443 
538 South Lewis Avenue 
Phone: WE 9-7585 


PENNSYLVANIA 


PHILADELPHIA 

Albert Steinberg & Company 
2520 North Broad Street 
Phone: BAidwin 3-9400 
Almo Radio Co. 

913 Arch Street 

Phone: WAinut 2-5918 
PITTSBURGH 

Cameradio Co. 

1121 Penn St. 

Phone: EXpress 1-4000 
TWX: PG 438 

(Note: See Camden, N. J. also) 


RHODE ISLAND 


PROVIDENCE 

Wm. Dandreta & Co. 
28 Wolcott Street 
Phone: UNion 1-2800 


SOUTH CAROLINA 


GREENVILLE 

Carolina Radio Supply Co. 
227 West Washington St. 
Phone: CEdar 2-6740 


TENNESSEE 


NASHVILLE 

Electra Distributing Corp. 
1914 W. End Ave. 

Phone: ALpine 5-8444 


TEXAS 
DALLAS 


Engineering Supply Company 

6000 Denton Drive 

Phone: FLeetwood 7-6121 

TWX: NNG 

HOUSTON 

Harrison Equipment Company, Inc, 
1422 San Jacinto Street 

Phone: CApitol 4-9131 


UTAH 


SALT LAKE CITY 
Standard Supply Co. 
225 East Sixth South St. 
Phone: Elgin 5-2971 


WASHINGTON 


SEATTLE 

Seattie Radio Supply, Inc. 
2117 Second Avenue 
Phone: MA-2345 
TACOMA 

C & G Radio Supply Co. 
2502 Jefferson Street 
Phone: BRoadway 2-3181 


WISCONSIN 


MILWAUKEE 

Taylor Electric Co. 

4080 N. Port Washington Rd. 
Phone: WOodruff 4-4321 
TWX: Mi 118 
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before the bird takes off 


Beckman 


During preflight checkout, ground 
power supplies must be meticulously 
monitored to avoid limping under- 
voltage, crippling overvoltage. 


How? 


BECKMAN Expanded Scale Voltmeters— 
with accuracy to a fraction...readability 
to hundredths! That's vital volt-splitting 
at the moment of “‘Go—No Go,” when 
operation depends upon precise power 
input with no room for guesswork. 


(And no trifling with “average” readings: 


BECKMAN AC meters give honest, direct 
rms readings on all wave forms.) 


Splitting 


Helipot’ 


Helipot offers you hundreds of models 
.--either AC or DC...in divers shapes, 
sizes and voltage ranges. (Not to 
mention voltage monitoring packages, 
which may include our expanded scale 
frequency meters and linear scale 
ammeters, too.) All have uncommon 
accuracy in common, plus resolution 
ten times that of conventional meters! 


Incredible? 


Make us prove it by asking for 
Data File F114. 


Helipot Division of 
Beckman Instruments, Inc. 
Fullerton, California 
Engineering representatives 
in 29 cities 


Circle 15 on Inquiry Card 
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METAL-TO-METAL SEALS 


Tiny metal-to-metal seals 
are designed to meet problems 
arising out of the increasing de- 
velopment of miniature hydrau- 
lic pumps and valves. The seals, 
called K-Mini, are for applica- 
tions requiring outside diame- 
ters smaller than 34 in. Stand- 
ard sizes range down to 14 in. 

Harrison Mfg. Co. 


Circle 76 on postcard for more data 


VITON SEALS 


Gaskets of “Viton” syn- 
thetic rubber are now being used 
to seal manifolds in turbo com- 
pound engines built by Curtiss- 
Wright Corp. for DC-7’s. 

The seals remain efficient 
at temperatures over 300°F. 
They are used in lines carrying 
air between supercharger and 
cylinder. 

E.I. du Pont de Nemours & Co. 


Cirele 77 on postcard for more data 


NEW ALUMINUM COATING 


Latest addition to line of 
amorphous chromate coatings 
for aluminum, “Alodine 12008,” 
reportedly provides up to 50 per 
cent faster processing. It is be- 
ing recommended for use in high 
production baths such as strip 
lines. 


Amchem Products 
Circle 78 on postcard for more data 


CERAMIC SHELL PROCESS 
SPEEDS CASTING 


Ceramic shell method of 
casting metal permits configura- 
tions too large and complicated 
for lost wax molds. A mass of 
ceramic matter had to be ap- 
plied to a wax pattern in the 
past. New method permits use 
of relatively thin ceramic shell. 


Mercast Corp. 
Circle 79 on postcard for more data 
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Are you after highest 
alloy properties in 
heat-after-heat ? 


100 per cent composition control 
assured by vacuum 
induction melting 


Highly reactive elements enhance 
high-temperature alloy properties. 
Today, only one production metal 
refining process can effectively con- 
trol the action of these elements, 
and—heat-after-heat—meet the 
most exacting alloy specifications. 


The process is vacuum induction 
melting, and the only specialist in 
this process is the Metals Division, 
Kelsey-Hayes Company. 


In a specially designed plant which 
contains seven vacuum induction 
furnaces with a monthly capacity of 
1 million Ib, the Metals Division 
produces over 50 alloys for critical 
high-temperature, high-stress ap- 
plications such as aircraft gas tur- 
bine buckets and wheels, missile 
and nuclear components. Alloys like 
Udimet 500 and 700 were devel- 
oped by Metals Division. The 
Division is the leading producer of 
vacuum induction melted Waspaloy, 
M-252, and other alloys. Kelsey- 
Hayes Company, Detroit 32, Mich. 


KELSEY 
HAYES 
COMPANY 


Automotive, Aviation and Agricultural Parts 
Hand Tools for Industry and Home 


18 PLANTS: Detroit and Jackson, Michigan; 
Los Angeles; Philadelphia and McKeesport, 
Pennsylvania; Springfield, Ohio; New Hartford 
and Utica, New York; Davenport, lowa; 
Windsor, Ontario, Canada. 
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STRAIN GAUGE RECORDER 
TRANSLATES DATA 


Strain gauge recording 
system provides a simple and re- 
liable method for digital record- 
ing data from mass production 
testing. 

Gives stress data in imme- 
diately useable psi figures. Rate 
of data recording is adjustable 
from 0.7 to 5 sec/point. System 
provides for selection of up to 40 
strain gauges and is expansible 
in modules of 10 points up to a 
capacity of 100 points or more. 


Datex Corporation 
Cirele 60 on postcard for more data 


GERMANIUM DIODES 
FOR MICRO-MODULES 


Micro - miniature gold- 
bonded germanium diode, de- 
veloped in Signal Corps’ micro- 
module program, is shown in 


—~ ~~ mess 


comparison with paper clip. Di- 
ode is contained in paper-thin 
ceramic wafer only 0.31-in. 
square and 0.016-in. thick. 

Diodes are being pro- 
duced in 12 different termina- 
tions as required by specific ap- 
plication. 


General Instrument Corp. 


Circle 61 on postcard for more data 
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INFRARED SOURCE 


Controlled infrared 
source affords accurate general 
purpose reference. 

The radiating element is 
a pure silver core with a conical- 
ly shaped cavity. The high ther- 
mal conductivity of silver as- 
sures uniform temperature 
along the walls of the cavity. 
The cavity is coated with a black 
refractory material to obtain 
emissivity approaching unity. 
Emissivity will not change as a 
function of time. Temperature 


range is from 50 to 600°C. 


Perkin-Elmer Corp. 


Circle 62 on postcard for more data 


DOPPLER RADAR UNIT DESIGNED FOR AIRLINERS 


Doppler radar naviga- 
tion system weighs 56.5 lb and 
exceeds ARINC sensitivity char- 
acteristics. The system is now 
undergoing operational evalua- 
tion tests by the airlines. Dual 
installation weighs 98.5 lb. 


Eleven tubes and 40 
transistors are utilized. Power 
demand is 200 watts. System in- 
cludes a_transmitter/receiver, 
computer/tracker, antenna, pan- 
el mounted instrument and re- 
mote control head. 


Self-contained transmit- 
ting and receiving system di- 
rects three beams of X-band 
energy toward the earth and 


measures frequency change. 
Collins Radio Co. 


Circle 63 on postcard for more data 


POTENTIOMETER HAS 128 OZ.-IN. STOPS 


Production has begun on 
a new series of 7 in.-diam, ten- 
turn, precision potentiometers. 

Two standard tempera- 
ture ranges are available imme- 
diately: (1) power rating of 2 
watts at 25°C, derating to zero 
at 85°C; (2) power rating of 2 


Aircraft and Missiles 


watts at 65°C, derating to zero 
at 125°C. Both have a mini- 
mum operating temperature of 
—55°C. 


Helipot Div. 
Beckman Inst. Inc. 


Circle 64 on postcard for more data 
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ELECTRICAL PLUMB-BOB 


New instrument used to 
check “erectness” of missiles on 
launch pad is a sensitive elec- 
trical plumb-bob. The unit can 
determine true vertical within 
three minutes af arc. 

The Vertical Sensor con- 
sists of an iron pendulum sus- 
pended in a small tube, 5-in. 
long, filled with a damping fluid. 
Miniature coils spaced 90 deg 
apart at the bottom of the tube 
form magnetic pickups which 
detect any deviation of the pen- 
dulum from center position. 

The unit weights 214 oz. 

Eclipse-Pioneer Div. 
Bendix Aviation Corp. 


Circle 65 on posteard for more data 


MICROELEMENT WAFERS 


A complete line of cus- 
tom and standard micro-element 
wafers are offered for experi- 
mental and production require- 
ments in micro-miniature cir- 
cuitry. 

The wafers, fabricated 
from high alumina ceramic, 
steatite, glass or quartz, can be 
supplied in thicknesses down to 
10 mils, less on special order. 
Units are drilled, ground and 
finished for end or substrate ap- 
plications, with hole sizes from 
10 mils. Tolerances on hole di- 
ameters, slots, channels and 
edge notches are held to within 
0.0002 in. 

Close tolerances have 
been made possible through use 
of precision optical techniques 
combined with a highly devel- 
oped _ ultrasonic machining 
process. 

Zenith Optical Lab. 


Circle 66 on postcard for more data 
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BERVLLIUM COPPER ELECTRICAL CONNECTORS 


Where performance is mandatory... where failure must not occur... 
“Berylco” beryllium copper provides the vital link between electrical com- 
ponents in aircraft/communication/business machines. Excellent fatigue 
life, combined with the high spring and electrical properties of beryllium 
copper, insure positive (corrosion-free) contact with the minimum of 
surface contact resistance. 

Do you have such a problem? Write us today for descriptive literature 
and engineering data. Qualified technical assistance is always as close as 
your phone. 


VISIT US AT THE METAL SHOW, CHICAGO, NOVEMBER 2-6, BOOTH 1636 


THE BERYLLIUM CORPORATION 


P. O. Box 1462, Reading, Pennsylvania 


Circle 17 on Inquiry Card 49 


< a. 2 oe eS ee eae ne Ul a As etee tS Ph Pe ee a, 2 es. ae ae te a 4 i ne > Se. 5 nl I” GU ee ag re ee re 
= emer Ve hey Ce ee A bbe alec a ce ed aera pee St ae TI Tee gaan te, Se CF 
; Se em Se Se YS gs a ai ge eae a a. ce i eae 10 > ee i a daccahs Seepe Sb haie 
: 4 nes Sa ee 2 en Bae 3 are oes ee ca. ee eae eee oe eae mga i ls as aie Speen a iss fy ene 
Paeee ee te Re te +4 Paes F : Se eae pee a A NM ee ae oe ee Mf em Sree at. Capel ce ieee = NESS, 
a — 7 - . ™ oe ae ae . " a 2 
ee ee ae oy es Tf . 
i oe ) Ea ae = iy % 
es pal Spero rH x 
2a a Cr | PT.” ge Bee a + ye 
ia. a ee faphare Lon Grane Be i ; 
Ne Se eee yr Af he eS ae Bes 
Pt. i aie ae oy ‘ e 
; a oD Raia ~e j qa 
: ae ee Oy = —2 ee eats 
Ss on 7 = y 7 a F a Wiis, 1 : a Sek 
eye i. a Lp let Ss ee 
a 7 ae ore 
os a ae \ ney. 
5 oo ae ry oe a ) + aa 
ie re m1 Sell ers oe’ ZS ia ae 
cc. SRN Ce Shean Spidey ae are ve woe oF Say < 
Seago Sante Ser igreraes! * rhe F “hie 
; eh eee eg) Sa ame a ‘Sas 
ses a a2 er we ee , Rec ua = patella al R ‘ee C 
eG ee any ee A . Pouper si 
eae eee a see se c+ es 
Mase, ag aes 3 oo = aan’ 
pm +2, |. = a 
(CC ~~ & ae 
ema Fe a Shey 
a #3 glia 23) ; sal (5 ! — 3: Sa 
ee i Ee So Taian Tye: 0 Sei caiae. | iam 7 jee E rT 
i eee: tae He Se i Mm) 
oo - ea ae 1 ne ‘ 
: ' Eas oe Bee. i x es 
oe eee -_. se J oaraae 
a on oo) 7— st oo ae 
- eye ee a ee oe eee 
Me ae ee a ees ah : | % aa ye 
Be a ea cena) ual : ee, ! do 
Sie ae Sea sd oe Barghey 
ere 55 amis ie ke eae pte ft aa 
a a: " tue Bic - “Wet eks re cael pe . P 
eae (-, po ae f Bim hiapagece' ass oe (re a) t 
: eee 5 a UA ya en | - 
¢ Rey oe ae eer . oe Joma cmmier sues! Ly peat - 4 \ 
ee x fs * ; an . ] 
{ Pe. ae a a =o Ce Lot enmiaeas MRE Ses - 
Ce eee ot Pe Rees Rees 4. be } eae 
ie ae ay am Bre. A ean E Bee a | ree. 
A Same i g 5 ese an tates _ “i - nts : 
zi To oa re ae } ; ey 
a AS Se) Pay } 
* Pe om ey ieee od fis Baek * , Pron 
; - * ey ae Bote ot... lee : j } me - 
ae Dy Cael ee ed era Re ae — 4 a 
ERM re eae alii <a eat ae — 
Pe ere ie i) a a eG — } ig 
; mc ee ee a a oe i Se: 
2h ee ae eis So a a : Big 
=o eee ae — a a 
cere || : a ayy 2 ee 
Slt ees Boke a a 3 
rats Ser ot 2" ae 
a re ale oe woe a — *! p : 
EY hi Rar Ee 2 eee | ie 
; Be ah eee Wattied 
SC“; RS eae .., ‘ 
Be Ag Seas ks ei een ee mm = : 
SP ea ies? Act woger es PAS (3 as 
Rope Rte eatin ae et Ia Gates ' » bee 
Dey NN ieee oe A Regie tc a ala mea ‘ ; 
eee ee ee re a a f ’ e 
Deter: tf =o aa ‘ Asis 
se La . : ’ ae 
Dats RS ie een O25. aM ola ae ne ree ; ] ’ 
ee | STAR gh * fe ORO SS ame ae a:: t Cage — j ny aes 
Ce Tee) on ranean Bier’). +2 SMM. |. Se, Cag Aa ae 
cs iS, eT gee. eh a (> (oe) Sa eos peecl 
ae, Seems 53s (le wae. pa acta ob! Prat Fe) 
a PEN ag hes, - >a ea eS Sr eee | ae 
fe et ee eS i a Sy) Sa gee eS ae : | . 
Ry eh Petes: he. ASBE er Ce : 
og: 9 ae eo ee Sb here area © 2 j ‘- 
a, ame 4 aC SES gs at "| ee 4 Ne 
SRN i ae } ae 
J. 00s SR en ca oh ee See a , ae | 
ee hn TO: | eit | ka hae 
SS Ree 
~ i m! 
i ah - i Eat 
mi i - pane . & ‘anal z 
a eae -# 4 : = 
: ieee , Lg + cae 
4 a ae al — 3 ren 
j — A A j 
: ; > a j oe 
me = +. Ps 
. yo > & * a P é lave 
; ‘ Ec lsd : a -— ‘J Sie 
7 a “7 = of 4 (os 
4 , ) a a J 7 7 Sea 
b / P E a : é : a8 ae 
, ? , i a 7 ‘ Ce Be 
a Mi a er eh 
5 . er 53 an =. i ’ t ait 
i ‘ 7 + ger as i “.) j & 7 
5 7 ] a : nt 
7 ’ . ; * Bi 
; r N “ ’ rd 0S 
- ' a ; ao 
- 3 add 
‘ E ~~ adh 
' ; 7 = ren 
' { 3 . 2 
a encod 
Jeg 
ne i 
E oe 
: 55 ae 
3 abl 
a i Sige 
. Ree ¥*: 
. ae ee age ; 
’ od aes ia | |= Les 
coe . eo oo * /: = a So ARSE =i 
aye F [a a: thee Eaud 
wae TER RA LRE * rae 
; Aree? 2 acs a a 
aS a ye ‘2 ee % ee ; : 
¥ z "A es, = ae r 
ene ie ome & 4 1 eae a. 
is ih. 1 SIRE ater 1 seas | Mt 2 a ies y 
Ke 9! Ae Fie eRe ere. 
' Pe oer : gil a aS nad aes 
ek ead ‘Re. aga Bea ¥ 1 f 
. a Pe = ee a a ty 
% Se ie vey ® 5 eral 
a ame oe 
ts 4% Dd 5 ee rr st —— ee et a a en ee 


. . . . . . o * ° . -. . . + 7 . 7 * o . * ‘8 ° 7 — * . . . * * 7 se . *. . . - . 
. . . . . * . . . . . . . . . . . . . . . . . , et . a4 7 . . . se * *- ese * . . 

eee e@oewesveee4een4us¢eesne¢€¢ 2 tis a oe e, gee seeseeeeeeeee#e 
eo .@ @ 2 6.0: 0.2 €.6.2 © 8 © 6 OC F_e_ oa Ce ee Pe, Oe i os | ee @ 'S.8 © 


Sees i ot ee °° eeseeees 


oS = ip i 
Le © @ @2:0 Se, eo ae woe © oe ee ee « & 
7,.*.*,° eee iy PORE TASS ee eeee 
© Ge @ © © © © © © © @ © © © 0 8 + Se 


Pag WS. Oe ee ee @ © @ © © © © © © © © Ge 
ae erelele 8 ae 7 Cee OST Pe eee e «© © «© @ © 
ee Pak. sah "nee ee ei coe Ce. - Cee. @ Ce Oe ee 
es cls 4 6 ee 2 ee oF o Cee ee ee eee ee eee 


oe ee Ae ae sneer eee ere e rete 
uk sk +e. « 


2 +. * ©.) 8 6 ¢ 0 9 66 ¢ 2 ay ee 
a ae ° 
Ke a et, a 
. 


|e ¢ ee oe. 6 
_ ©:@ 6 @€ @ 6 © @- “s 
e@eeeeeeeeeeeeeee © @ 
@« oeeeweeeeeee ee &© © @ © 


ee Ln 
ee ee a 0 ' 6 
oe. 4: oS. 6 O86 0.. 


aie 
we a a ee ee 
es mo if 
« 
Ca eeeeee#eee@ 
eo ” @eeee @eeeeee#e#e 
. ao 9 @ OO OF Oe. eo. 
a3 ee _@ @¢@ A 


". os Ses 
ane atalntetetn” 


50 Aircraft and Missiles ¢ November 1959 


aii fo AS nO 
M66. See 86-26) Ee Oe 6 eee 8 68-888 e4 Oe eee Fe 2 © 8.6 8.8 0.9 8 Pee 6 ee j 
oa eae. eb 6 6. 6c OC 6.6. O-6 +S OO 6 O.8 6 8 86 6 Se eS O08 6 CS Oo OF 2 O' 2 6.0 8-98.09 @ + 
Ss: Ss 6.9 8 & 6.09 Oe Oe ¢ 0. 6.8 2. 8 6.0 6 6.62 +. 4 8 *. 8.6 6: 0. o_ 0.0 OS O@ PF 2 Fe a ee ® 
Ceo 2 6 @ U-2..8,0 6.8 6 6:6 6.0.6 6 6 ee Se Se. 6.8: SO. Oe eee eee eee esreseeses 
o. 68 2.2 0 es 8 6 8-46.66 6 6. 6.8 6S 2 O.e.e 6 2.0 © Oe. 8 8 e 6 Oe Oo Cas Tees eoOee es @ h 
. 7. . . 7 . . . 7 . . * . . . a . — . . a. as . - =. 7 . . . . . . . 7. . . - 7 e . . . . o a . * . oo. ; 
- & Se 6 8 Os 2-8 eS 6 e 6. 6.8.6 62.0. 2-6. eee. 6.4.9.9 8.0.0 0 8 8 9 ae 8 © 6 8 8 Oe 8 6 © 
6 6 ob) 0 6 8.0879 8 8 6 6b 6 6 6 8. 6s 6-88 8 ee OOOO ee ee eoeaemeseeaene © Oe 6 Oe ® 
. 2 @ 68 @€.6 2 6.6.8.2 0 6 © © 6.20.4 .6 8 8-28 oe 6-6 ee Oo -8 OO FT OC OO 0: 6:6 6.0 €. Oe 9 8 @ 2 Le 
‘2 6 2.6 @ 2 Oe eS Oe 6.8 6S 8 68S 8 Se eae Se ee ee a we ee eee cere epee 8 Oe Cee ® 4 
tee ee Fe 6 6.8.6.6 0 6 8 + 6 8 ee BS oe 8 6:62 6 6 6S. 2 Oe € 6.2.8 9: O98 Ff FO CR OG 4 
ee ee 6 Sees 6 FO 8 See 8 Oe Oe ES Se ES Ore FOOD © 8 8 ee Pe eo 6 Se 84 C8 Eo © 
oe-e 62 8 € 6602.8 6 6 2 6 6. & eo 8 Oe. S.e 6 6 4 6.0 6 1S, oe. Oe. @ ee 8. 8 & 2S 6 8.8 0 8 © 8 2 ® ‘ 
.. 6 8 6.4.6. 076.8. 6.6 6 @:¢:.4:8 0.4 -6.9. 6-8. 6 Oe. @ 0.4 66 84 © 6 2 Ot 8. Oe F 6.8 6 & F 8 © 
ee 64:8 @ O 6.6 6 6.0 6.8 O08. 8 Oo: 6 Se 6 6 2 8.8 e 2S Re ee eee eg eee eee eoeee ' 
e@seoeoeceeeeeeeeoeeeeeoeoseeoeaeeweeerweeaeeoeaeeeoseee@~eoeeoeeoneee 
ao 2 oa. 6.6: 6. 6 2.0.2 So O S28 Oe Oe. 2 ece. 84 @ SC Oe ae 8 8 Oo - Oe Oe ee 8 eS Ue eS 6 8 
os 6 68:6 .6 6 €¢. 4-68 6.88 8 8:2 8 6-6. 6A Oe 6 oe 28 2 Ce. 8 6 £0 @ Oe 8 et 8 fe 8 Fe 8 @ 
62 @ 8.6:@ ©&.0 €@ 3.64 6-8 © © .4.4.4.6 8:93 © @B¢Cee ete OC. Oe 02 eee ee oe eo2ee @ wD eee #;, 
‘6 86 ¢ © 6 6 6.0 Ot 8 8 026-8 6 66 ee C6 6.6 Oe Oe 6 6 0 6 8 6.8 6.8 ee So 2-8 86 
@9eoeeoeceoeeuvgee~reteseo1egce¢@ooustedetecneaeeeopeonvneaceoeoeeoonoesenrnore@ee¢ds ’ 
oe ee 6. eo 6:9. 6.8 6 C6 Se O'S Be Oe Ce: 6 OS: OC Re ewe eee 8 FE US OP eC FO Oo 8 @ 
ose 2.6.2 6.0.0 6 2 00 6 6.6 6 6.8.68 © 6 8. 6.628 2. ORE. S.e 8 St 6 2.e. Ft 8 2 © 6.8 6 6 PC 
ee 2 6.6 6. 6 0.0 6 6 8 2. 6 4 ae 8 2 Oe. ee Oe 8 Se. 6.2 0.8 6.8 C.e.8 eo. Pee 6 6 'e 
* & 62.6 6.2.0. 8: 88.6 £6.68 6.6.22 Se CS Ee 6-6 28-8 2 2 a Se ff 6 86 8 Ge F 6 OCeeee 6s 
ee & e.0 8 ©. 8 6 6.8.6 6: O@ 6.4.8 8 ee. 6 6 ee 6 68 6 6 8382S eC oe 8 € O48 OD 6.2 8 8 Ge © 
2 OMS © 6.8.8 Bebsé. 6.0 6 6.6 6 62H 8:68 6 e+e eee eC eee eee eer oe eee 
62 6 8.6 6 2 6 6.06.0 6 6 6 6-68 6 eee 6 eC Oe. 6. eee CC. OO. 8 6 8 Oe eS Fes er 
6-6 2 Oe 6 6 ee 6 6 e 6 6 eee 2 6-8 P oe 6 OO ee HF ee 6 8 SF RP. Oe 2 BO 6 88 0 ee 
oe #6 €.6.6¢ 8 © 4 8 © 6 0..8.6..6:8- 8 6.4 Cee. ©. ©. ee Se eee ee C6 S..8 O19 8 6 ee 6 8.8 8 € ee 
Ceo 6 6080 OC 8-06 8688 2 6 8 2.6 - 8S 8 6. fo 0 3:2 8 8.2 ee 2 ¢ 8.6.9 6.2. Oo 2 8.8 & 9 8 0 
2.68 2 © © € @. 8.6.0 6° 0.6 6.6.26 6.9 @. 6:4 2 © 6.62.3: 8 2 S82 C2 eo Oe Saqwewvweoeeeees 8 ay 
e6¢@.8 86 6 © se 6 6.8.6 68 6 8 S68 + 68 Oe 6 6S Oe eee. 8 oe 8 ee Fe ewe eee Ree © ; i 
ee@8 @06 0206 6¢ 86 8 0 0 6 6 6 6.0.6.9 8 2 6.2 eee sn @€¢ oe ee eGeaeeeooneeosp es 
oe din ~ = = = = - ~ 2 = = iJ = = J = s s « 
o 
oe ¢ Oo et Poe 6S 8 8.6 8 8 8_ Bee ae d . d 
“eeeeseseeeeeeeesesesess « 0 eg fe te i: Goan 
“eeeeeeeeeeeeeeeee a Par oe ole BRE | wets le 
“ese eeeeeeeeeeeeee se ws . . a 
etpeoeseecee8eess8see#eseve-s ping ee oie eas . * 5m 
“eee ee #6 © © © © © © © © gS Se ee se ae ee a es 
“eee ee © © © © © © © © «© gee ‘oie ie ee ee ese «¢ eee Cr 7 
6 2.8 6 6 2 6.4 0. Oe 68 2 6 6.16 « 6 6 -6°O © 6.0.6 Oy © © ¢ © 8 © 0.0 @ 6 6'@- =. e & ® 
soeeweeegrteeeneeeesetketee @ + 2 . es 2. 6°@ S14: © 8 6 8: 6.04 ae @ © 
a Me a oe oe ee a a oe ee ae ae ae eo 8 4 
> 6 & 8 @ 8 64.6 © & 6 4 es 8 
| eee<«eqeoeosiee¢eess8s28rstete @ @\e , 
*oeseeeeeeeeeee 3 ; 
*eeeeeneeeeeee 4 
*oeeeeeeeeeee f 
*“eeeeeeeeeee Gj 
oeeeeeeeee#e 
*eeeeeeeees oe = 
*eeneees 8 © © & «© i 
*eeeeesesee##e«e6eses @a- 
*“eeseeeeesee#e#8e#e* Pw 
eenereeeeees « ie 
eeeseeeeeseeee @ae - 
eee eeeeeee e's ee ae ee eeeeveevee7e ee eee & © @ @ | ‘ 
eee ee eo oe ee « eee ee ro me ) “@eeeeeeeoe eee ee eee & 
eee ee «© © «© © «© QO 0@©@es 6 © 8 6.0 © 0 6 0 8.0.0 0 6.9 Ce 
see © © © @© @© & «© eee @e @ 
eee ee «© «© «© « « BR eee é 
oeeeeeeee ea _@ @ @ 
eee 28 © © © «© © «© SR eee 
“ese ee esses « Oe @e@@ee#e 
“ee eeee ses « « Re eee Piha 
ee eeeses « Gee @es si 
“ee 28 © © © «© «© « See eee 
ee ec «© oc eo sc 6 + SRR eRe eee eee eee eee ee 2 ee ee ee ee ee t ] 
«© «© «© «© © «© «© «© « i oe ee oe oe ee oe ee ee ee ee ee ee ee Oe @eeee2ee#oee#e?e @. 
oh RR @e@eeeeeeeeeee7ee020286808686 ‘@e@eeeoeeeee ee @ | rere 
eeeeeeeee & 
*“eeeeeeeee ? 
soenrteeeee#es © i 
oeeweeeeeee 
*oeeeeneee#ee @ ay 
*oeneteeeeee#ee | 
*oseseeseeeee heii 
oeeeeeeeee | ad 
eee eeeeeees 
see#eeesesef #8 @ pe 
“eveeeeeee r 
*“eeeeeeeee 
*eeeeeeeee 7 
ee «© © © © © © «© + « CR ee ee eee ee ee eee [mmeseseeeeeeeeese ee 
eeeeeeenees « RRR eee ee ee ew ewe - (mye rep es ec ee eeeee eee Ree 
*oeeeeeeeeee @@eeeeeeoeeeeeese eee M@) (mom messeeeeeeeeaeeerte 
eee eevew es 2 « Gee eee ee eee mm ewe oc ay (we mmerseseeeenseeeoeense#es ' | 
eeeseeneeneeedts Gee eee ee ee ee eee (mmm epeseseeaeseeeaeeaeeaeee 
Te em © 6¢@€ @€ eee eee ee ee eeg @eee eee SBeeeeaeeee ; 
*eeeeeeeeeseseseemeeRe eee eee ee ee le @eee 4a) @eeseeeaee#e af er 
*se ee eeeee#e#eeee @@eeaeeeee@#eeeee eee 8 (wm mw epeseseepeeeaenweeeee : 
see eneeeeeweees#ee#e @ee@eeeeeeee#ee#ees#s ae eeee 62 6 €RRRR EEE eee 
we ww ew ew oe ee oe s OC 8 s ee Ne ee ee eee 
ii em ©€ ee eeeeeeeeneeoeoaeRey2e® @eee2 6 6 €RARE. Beeeweeens 
eeeeeeeeeeesee es £€RReReRe eee eee eee  ¢ @@C@e@eee eRe Rae See 
tt mm © e©e€eéeéeeeeeeeemme @€eeee 6 6 SBeeseaoeoeeweees seis 
eeeeeeeeeeeeeHie ts ERMReReReReMRe Meee we ee) @eeeeceeRcR Ree e ews, : 
*eseeeeeeeeeseees « CRM M eM Mee &a2eenmy @ @eees Beesoeeee#ee#eee ‘ 
seeveereeeeeeeeest ess GRR ee eae ee ee ’ @9eeees ERE Pee : 
*oeeeeeseeeeeeeeee«e se « Qe ee} ee Reed x) ees Beeeeeseeeeeee . 
eenseeeeeeeeeeeeee#e @@6 se @ee?gerreyD @ SBeeeenseneeeee#e t 
. see eeoeeeeeeeeeeeee @@eee0aeee¢e* 4@eu 6 @ eeeeesweeeeeee#e 3 
seeeeeeeeeeenweeeneeee#ee @@eeed¢esf @ Beeeweeseeeee#ee#e 
soeeeeeeeeeeeeeeeeeee @ees - peeeweseeeeeee#e 
*eeeeeeeeeseeeeeeeeeee eee esx) eeseeeeeeee#e 
seeeeeweeeeseeeeeeeeeeeee [ wt) sees a) e*seeseeseeeeeeees 
see ee#e#ee#ee#e#e#e#es#e#ese ee ee#ee#ee#ee#s#se#se#e Beeg + weeeseese#se+t6§t#*eesee#ee#e#e#ee#se# @ 
soeeseseeeentee se eeeeee#e#khe#eerteeeeteest ©@Beees eo” ow © €. 6 8.0.8.8. 0 8 6 9.9.8 6 @ 
seeeeeeeeeeenweeeeeeeeseeeeeeeeesee#e eeeceeevpes,osesveueseesee 
S@ @:e 8809 © €CCOe OC OCoeeoeeoeoeCeeveevzeeeaeee@eeoegc @Gaeauvweeenspeveoeeneede © 2 ’ 
eee eeeeeeeeeeeeeeeeeeweeeeeeseeeeeeeseeeseeeeeeeeeseeeseeeeee 
oe 6.64 8 68 @€C eee eoaeweestseeoeeeeeceeceoaeeoeneeeaewnewenvnesesee@epspeeoeenaneenees=S@ 
*eseeeveeeeeeeeeeeeeeeeeeseeseeeeeespeeeeeeeseeseeseeeseeeeeeeeee : 
eoeeeeeeweeeeeenseseeeeeeeeeeeeeeseeseeeeseesee#eeeeeneeeeeeseeeeesee#e . 
Cee SOD eOeseeePgecCsee*@eeeeesa eo eaeeeeaeeeoeeaeeeeeeeawoetsnwve2auoe ene 8.0 eee ep ¢.ee#e 
\ *eeeexuseeweeseeeeeeeseeeeeeeeeeeeeeeeeeeseeseeseeeeeseeeeeeeeeee oe 
*“eseseeeeeeeeeeeeeeeeeeeeeseeeseeeseeeeeseeeeeseeseeeeeesteeeeeeee 
*“eseeeeeeeeeeeeeee#eeseeeeeeeeeeseeeeeeeeeseeseeseeeeeeeesee#ees ae 
*oeeeveeeweeseeeenweeeenseeee@#eeneeeeenteeeeeeeeneeneeeeeeeeeeeeeees#e ae 
see eeeeeeeeeeeeseeeeeeeeeseeeeeeeeeeeeseeeseeeeeeeeeeeeeee Ps 
eeseeeeeeeeeeeeeeeeneeeeeeeeeeeeeseeeeenseeeeeeeeeeeeeeses#e aes 
*eeeeceseee#eeeeeeeeeeeeeeeeeseesee#e#eeeseeeeeeeeeeeeeea#a#eeeseesee#e#ee#e 
*eseseeeeeeeeeeeeeeeeeeeeeeeeeeseeeeeespeseeeeeeetheeee#neeee es 
e*eeeeeeeeneeeweeeseeeeeseeeseeeseeeeeeeeeeeeeeeeeeeeeee#ste#eee#e#e nat 
*“eeseseeeeeee#e#eeeeeeeeeeeeseeeeeseeeeeeeeeseeeeeeeeeeeeesee#e 
soeeeeeeeeeeeeeeeeeeseeeenteeeeeeeeeeeeeeeeemweeeneeeeeeeee 
*eeeeeeeeeeeeeseeeeeenseeeeeeeeeeeseeeeeeeeeeeeeeseeseeee . 
*seseeeeeeeneteeeseeseeeeneeeeeeeeeseeseeeeeeeeeeseeeeeeeeeeeseees 5 Saat 
*“eseeeeeeeeeeeneeeweeeseeeeeseeeeeeeeeeeeseeeeseeseeeseesweeeseeeeeeseee#ee#eee 
*eeeeeeeeeeeeeeeeeeweee#weeeeeeeseeeeeeeeseeeeeeeseeenwpeeeeeeeee 
*“seeeneeeeeeeeseeeeeeseeeeeeeeeeeeeesteeeespeseeeeeeeseeeeeesee#e 
*eeeeeeeeee#eeeseeeseeeseeeeeeeeeseeeeeeeeeeeeeeeeeseeeseeeseeseeeees 
eeeeesoeeeeweeeeeeeeseeeeseeeeeeeesteeseeeseeeeeseeeseeeeeeeeeeeees 
*“eseeeeeeeeeseeeeeeeeeeeseeeeeeeeeeeeeesepeeseeeeeeee#eeeeeees y 
*“seeveeeeeeeeeeeeeeeeeeeeeeeeeseeeseeeeeseeseeeseeeeeeeeeee 
*eeseeeeeeeeeeeeeeeeneeeseeeeeeeeeeeeeeeeeeseeee#weee#eeoeeenseeee 
*eeeweeseeetieeeeeeeeeeeeeeneeaeneeeeeeeeeeeeeeseeeeeeeeeeeneeee#e 
*eseeeeveeeeeweeeeeeeeeeeeeeeseseeeseeeeeseeeseeseeseseeeseeeseeeeeseee#s 
eee eoeeeeeeeeeeeeeeeeeeeeeeeeeeseeeeeeeeeseeeseeeeeeseeese ; 
*seseeeeeeeeeeeweeeeeseeeseeeeeeeeeeeseeeeeseeeseeeeeeeeeentensee#see#e 
s*seeeeeweeeweeeeeeeeeeenteeeeee#eeeeeeeeseeeseeeeseesepeeeeseeeeeeeesee @ ; 
eseeeeeeew#e#eeeeee#eeeeeeeseeeseeeseeeeneeeeseeeseeeeeeeeensteneee 
eeeeeeeeeeeepeeeeeeeeeeeeeeensteeeeeeeseseeseeeeseeeseseeeeeeeeae ‘ 


There are 7,500 dots shown here. 

This is the number of engineers in the 

eight divisions of Martin. And 40 percent 

of these—the 3,000 dots in the circle— 

are electronics/electrical engineers. 

It is this specialized 

capability that enables Martin to develop 

electronic systems which anticipate the 

exacting demands of the missile-space age. 
Example: A Martin electronic 

system known as Master Operations Control (MOC) 
has been a vital factor in the exceptional performance 
of TITAN. By automatically 

checking the hundreds of systems necessary 

to successful flight, 

MOC has removed much of the human error 


from complicated countdown procedures. 


AVA A IEE a 


The eight divisions of The Martin Company are 
Activation, Baltimore, Cocoa, 
Denver, Nuclear, Orlando, RIAS, and Space Flight. 
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THERMOCOUPLE IS 
PACKED IN MgO 
Pycopack thermocouple 


wire, a magnesium-oxide packed, 
metal-sheathed unit, is now 
available in seven sizes ranging 
from 5/16 to 1/40 in. OD. Origi- 
nally designed for high tem- 
perature, limited-space applica- 
tions in the atomic energy field, 


thermocoupte wires 


MgO 
insulation 


Enlarged 
section 

of PYCOPACK 
thermocouple 
wire 


metal sheath 


thermocouple has usage in all in- 
dustries where high tempera- 
tures, size and adaptability are 
primary factors. 


Pyrometer Co. of America Inc. 
Circle 67 on postcard for more data 


CODE BAR SWITCH 


Code Bar Switch fea- 
tures input by octal or decimal 
push buttons, output by binary- 
coded contact closures. It meets 
a recurring need for a keyboard 
switch featuring direct binary- 
coded outputs. Conversion from 

continued on next page 
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(Advertisement) 


New UNION readout instruments 
withstand shock, vibration and 


extreme temperature changes 


Union Switch & Signal’s new READALL* Direct Code Translation. The 
readout instrument replaces complicated operation of the READALL readout in- 
systems of lights and relays for reading, strument is based on a positioning system 
storing or transferring all types of in- using a four-bit code. The visual display 
formation for industrial and military is the result of a direct electro-mechani- 
applications. It is not to be confused with cal conversion of a binary signal to a 


conventional indicating devices. decimal read-out. There is no need for 


additional conversion equipment. Sepa- 


Designed to meet require- rate code and motor Circuits permit the 
ments of MIL-E-5422D. The use of the readout instrument in low- 
new READALL readout instrument is level circuitry. 

precision-built and provides instantane- 

ous and continuous operation under con- Electrical and Visual Data 
ditions of shock, vibration and extreme Storage. Once positioned, the infor- 
ranges in temperature. The digital dis- mation is displayed until a new code is 
play includes characters in numerical transmitted to the instrument. No power 
sequence from 0 to 9 plus two blank is consumed while the information is 
spaces. 70-inch characters can be illumi- retained. This data may be stored or 
nated red or white as desired; when not read-out electrically for further trans- 
illuminated, they appear white against mission or recording. 


a black background. 
Operate Time. The operate time 


Reliability. Performance through one varies from 0.1 second to 1.0 second de- 
million random operations is an in- pending on character position. 

herent feature of the new READALL in- 

strument. Each module is gasket-sealed Weight and Size. Maximum 


in its case to exclude moisture and seal 
out foreign particles. An especially thin 
enclosed DC motor, containing ball bear- 
ings, permits more efficient operation. 


weight including case is seven ounces; 
without case, four and one-half ounces. 
Size encased is 51%, inches long, 14744 
inches high and *%,4 inch wide. The new 
READALL instrument is designed for 


Modular Construction. A operation over a temperature range of 
unique feature of the readout instrument -54°C to +71°C in humidities up to 
is its modular construction. It can be 100% and altitudes up to 70,000 feet. 
used individually or in groups to display For more information, write for Bulletin 
multiple characters in a single case. 1019. * Trademark 


“Proneens in Push-Cutton Science” 
C UNION SWITCH & SIGNAL 
SS 


DIVISION OF WESTINGHOUSE AIR BRAKE COMPANY —— 
PITTSBURGH 18, PENNSYLVANIA 
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octal or decimal digit to the cor- 
responding binary code per 
digit can now be achieved with- 
out resorting to multiple-relay 
contact arrangements. 
Conversion to binary 
code is performed by cam-type 
code bars. Binary coded outputs 
are in the form of Micro Switch 
contact closures with double 
throw contact arrangements. A 
mechanical interlock permits 
only one push-button key to be 
depressed at a time by auto- 
matically releasing any pre- 
viously depressed button. 
Computer Control Co. 


Cirele 68 on postcard for more data 


OVERPOTENTIAL TESTER 


A new 150 KV DC Over- 
potential Tester is now avail- 
able. Rated at 5 ma., 20 ma. is 
available for burning. A small 
gas-filled tank with extended 
header houses the plate trans- 
former. The header houses the 
air insulated components. 

To avoid use of a large 
and heavy oil-filled tank which 
would be required to house all 
high voltage components, recti- 
fiers and filter, this air insulated 
design features great savings in 
size and weight. 

Peschel Electronics Inc. 
Circle 69 on postcard for more data 
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ADJUSTABLE BUSHINGS 
PROVIDE EXACT FITS 


Mechanical adjustment of 
this adjustable well thickness 
bushing permits easy variation 
of radial dimensions. 

Series of alternate male 
and female segments are aligned 
axially. Axial compressive force 


on ends of the bushing causes 
smaller diam. of male segments, 
reduced I.D. of bushing female 
segments assume larger diam., 
thus increasing O.D. of bushing. 


Globe Bushing Corp. 


Circle 80 on postcard for more data 


STENCIL DEVELOPED 
FOR MARKING METALS 


Pocket-size battery-oper- 
ated cartridge marker marks 
metals permanently by electro- 
lytic stencil etching. 


Developed for missile in- 
spection, unit has three inter- 
changeable stencil sizes for 
marks up to max rectangular 
area of 14 in. by 114 in. Marker 
is 11% in. diam., 8 in. long, 
weighs 1014 oz. 

Lectroetch Co. 


Circle 81 on postcard for more data 


MICROFILM FILING PLAN 


Microfilm file groups in 
sequence the catalog pages of all 
firms supplying a particular 
item. Index system allows any 
product to be located in seconds. 

A set of microfilm maga- 
zine reels contains over 100,000 


catalog pages, specification and 
data sheets. A variable speed 
switch starts sequence for load- 
ing film into microfilm reader- 
printer. Pages are viewed full 


Aircraft and Missiles ¢ November 1959 


size on a 18 in. x 18 in. screen. 
Catalog for use with the 
reader will cover components, 
materials and engineering de- 
partment equipment in aircraft 
or missile plants. 
Technical Services, 


Div. of Rogers Publishing Co. 
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SPACE-SAVING 
AIR CYLINDERS 


This “pancake” line of 
low pressure air cylinders per- 
mits air power to be used where 
it was previously impossible be- 
cause of space limitations. De- 
veloped primarily for the tool- 
ing industry, cylinders have 
pressure ratios from 1:1 (line 
pressure) to thrice line pres- 
sure. Strokes range from .010 
to 1 inch. 

Fabco 


Circle 83 on postcard for more data 
continued on page 55 
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Whether the rocket power be for 
the Army’s Sergeant, the Air 
Force’s Minuteman or tomorrow’s 
50,000,000 Ib. thrust motor it be- 
gins with globs and strands of 
fuel held in the asbestos-gloved 
hands of the research chemists. 


For more than ten years the 
research scientists in THIOKOL’s 
Rocket and Chemical Divisions 
have been continuously engaged 
in rapidly expanding programs 
of propellant development. 

In these endeavors one fact is 
common: new propellants are cast 
into rocket motors only after 
many thousands of hours have 
gone into research and testing. 
For every successful propellant 
formula there are many, many 
frustrating failures. This is the 
way of research. Success, even 
though it comes slowly, is the 
reward. 

Fortunately, success has come 
to THIOKOL research scientists 
in abundance and with regularity. 

The variety of career oppor- 
tunities at THIOKOL is large and 
expanding, including: 
Propellant analysis and formula- 
tion + Polymer research + Fluo- 
rine and metal hydrides synthesis 
* Shock wave phenomena + Com- 
bustion processes * High vacuum 
techniques + Fast reaction kinet- 
ics * Servo system and electro 
mechanical design * Instrumen- 
tation + Ion and plasma propul- 
sion * Magnetohydrodynamics 
« Thermodynamics «¢ Solid state 
physics. 

There may be a place for you 
on the team, working on THIOKOL 
— developed-and-built rocket 
powerplants used in the Falcon, 
Sergeant, Matador, Nike Her- 
cules, Lacrosse, X-17, Minute- 
man, Pershing, Nike Zeus, 
Sparrow III, X-15, Bomare, Lit- 
tle Joe, and Bullpup. 

For further information con- 
tact Personnel Director of any 
of these plants: Huntsville, Ala.; 
Elkton, Md.; Moss Point, Miss.; 
Brigham City, Utah; Trenton, 
N. J.; Bristol, Pa.; Denville, 
N. J.; Marshall, Texas. 


Thiokol, 


is Research to the Core 


THIOKOL CHEMICAL CORPORATION 


Bristol, Pennsylvania 
®Registered trademark for the Thiokol Chemical Corp. for 
its rocket propellants, liquid polymers, plasticizers and 
other chemical products. 
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NEW ELECTROJET 
LINE INTRODUCED 


A complete new line of 
33 building block machine tools 
for electrical discharge (electro- 
spark) machining is being in- 
troduced. 

The tools are “built up” 
mostly from 16 basic units: two 
bases, two slides, four work- 
heads, four base-tank units, and 
four power supplies. Many of 
these building blocks are com- 
pletely interchangeable. 


Cincinnati Milling Machine Co. 
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MECHANICAL ARM 


New concept in automatic 
machinery, called “TransfeRo- 
bot,” will soon by available. 
Performs diverse tasks in parts- 
handling, assembling and ma- 
chine operation. Electronic brain 
controls mechanical arm. Set-up 
will work in conjunction with 
much existing machinery. 

USI Robodyne Div. 
U.S.I. Industries 


Circle 85 on postcard for more data 
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SOUND PROTECTOR 


—a pound of prevention 
worth $2,000° an ounce 


Whether from a shrieking jet engine 
or an earsplitting riveter, noise CA 
cost you untold thousands of dollars 
a year in employee compensation 
claims and loss of production. 


Unknown to the employee, excessive 
noise gradually robs him of his hear- 
ing and his working efficiency. Today, 
compensation for loss of hearing can 
go as high as $33,000* — Arizona’s 
maximum allowance. 


Straightaway, muff-type, Sound Pro- 
tectors guard your employees from 
abnormally loud noise. They are avail- 
able in either a standard or a com- 
munication model, which attenuates 
an extra 10 decibels of sound, and 
includes a push-to-talk button (or tog- 
gle switch) in the mike shield. 


SOLD DIRECT! YOU SAVE MONEY! 


Model 372-8A (standard) $12.00 
each (1-99). $11.00 each (100 or 
more.) Communications Model 
372-8BM $83.25 each. Quantity 


prices on request. 


' DAVID CLARK COMPANY a 
ry 366 PARK AVE., WORCESTER 2, MASS. ‘ 
Gentlemen: Please ship one Straightaway 
Model #372-8A, for trial testing. if OK. 
‘ will include on my first order. 1 
RENTS arse eerie Hae 
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§ Gas Turbine engine 
hydraulic, pneumatic 
| and fuel components | 


aE —_— 


SPECIALISTS | 


for extreme temperatures 
and high pressures 


Missile and Rocket 

Engine components, §f 
turbine blades, noz- § 

zle & stator vanes. § 


Extreme stresses and high temperatures 
in jet, missile and rocket engines require 
2 components and assemblies manufactured 
from superior metals that are difficult to 
machine and form. Specialized techniques 2 
for manufacturing with tough alloy exotic ' 
metals are exclusive processes of Turbo ‘ 
Products. Turbo is one of America’s major 
sources for high alloy gas turbine and 
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Turbines, blowers, | 
power components | 
& valves. 


missile and rocket power plant compo- 
nents —from experimental to production. 
On a typical contract, 28,000 turbo jet 
components were produced per month 
from N-155, each unit requiring 83 sepa- 
rate manufacturing operations. We invite 
your inquiry. 5 


POLY 


ee 


INDUSTRIES a 
Writ = 
formerly Turbo Products Furbe albert 


brochure. 


TURBO PRODUCTS DIVISION 


12177 Montague Street « Pacoima, California 
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ARBORS AND CUTTERS 
SPEED METAL REMOVAL 


Splined milling arbors 
and cutters reportedly speed 
metal removal rates by 92 per 
cent to 400 per cent with cor- 
responding increase in cutter 
life. 

Both the arbors and the 
spacers used with them are 
splined to increase resistance to 
torsional deflection of the assem- 
bly. Milling cutters are also 
splined. 

Improvement in heavy 
duty milling performance is par- 
ticularly noted in machining of 
high-strength alloys in the hard- 
ened state. 

Pratt & Whitney Co. 
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3400° F FURNACE 


Molybdenum heated fur- 
nace permits temperatures of 
3400°F in a hydrogen atmos- 
phere. 

Saturable reactor and ra- 
diation pyrometer control heat- 
ing. Refractory -lined water- 
cooled zones control cooling. Au- 
tomatic flame curtains protect 


furnace atmosphere when the 
door is opened. 


W. P. Keith Co. 


Cirele 87 on postcard for more data 
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TC-2 CALIBRATES 
THERMOCOUPLES 


Model TC-2 calibrates 
thermocouples used for control- 
ling and recording test tempera- 
tures during materials testing. 

Calibrator replaces usual 
stainless steel ice bath with a 
constant temperature thermo- 
couple reference junction. 


Areweld Manufacturing Co. 
Circle 88 on postcard for more data 


AC-DC WELDER 
AND AC POWER UNIT 


Combination arc welder 
and power unit is designed as a 
power source for tungsten-inert- 
gas-shielded arc welding. 
Driven by a gasoline en- 
gine, unit provides current for 
either AC welding or DC weld- 
ing. It provides single phase, 
110/220-volt AC power of 10 
KW capacity (up to 3 KW avail- 
able while welding). 
Hobart Brothers Co. 
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HIGH VACUUM TESTING 


Model 59-TA tubular fur- 
nace is designed for tensile and 
creep testing of metals and al- 
loys within a high vacuum up 
to 4,000°F. Unit measures about 
44 in. high, 11 in O.D. It con- 
sists of tantalum heating ele- 
ment surrounded by tantalum 
and molybdenum radiation 
shields, plus other assemblies. 

Marshall Products Co. 
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MISSILE COMPONENT 
WEIGHT, C.G. LOCATOR 


Weight and _ center-of- 
* gravity locator evaluates ballis- 
tic missile components, parts of 
re-entry vehicles. 

Locator is based on null- 
balanced mass and lever prin- 
ciples. Since it measures essen- 
tially mass and mass moments 
rather than weight, it will re- 
peat measurements at all lati- 
tudes and altitudes. 


Dynametrics Corp. 
Circle 91 on postcard for more data 
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Artist's conception of Titan 
Launching Complex; Courtesy 
American Machine & Foundry 
Company. 
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Surfaces of structural steel and aluminum on the Air Force’s 
Titan Missile Launcher System are protected against corrosion 
with Zincilate. Zincilate is supplied to American Machine & 
Foundry Company, associate contractor under the Ballistic Mis- 
siles Division of the USAF. 

Zincilate, as modern as the missile equipment it protects, pro- 
vides true galvanic protection to iron, steel and aluminum. Easily 
applied, before, during or after fabrication, without requiring 
special equipment or even mixing. Now in its 13th consecutive 
year of sea coast exposure tests, Zincilate has yet to show any 
signs of rust. Write for complete information; samples available. 


PROTECTION that SELLS your PRODUCTS 
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; 420 Homestead ave. + Dayton 8, Ohio» BAldwin 2-6747, 2-6748 


Te Fe 8 ee 


continued on next page 


siamese 


Aircraft and Missiles ¢ November 1959 


Circle 23 on Inquiry Card 57 


7 _ i ee See, pc Seen eae 2 3 ee ee See rT ae, ae > hele, a ele aS oe ae : ; it 
; is ee ee at a Se Be died Bei, Wit py ) cs. ~ OR ae } C 4 
; ———————F=" WR TE ee =e i hee SR ee as eer ammerane Decree rend ae ote! eape 
o ps 
A a) ae he ce et es a 
i | ee . 7 pera aig ‘ eae 
fae gia’ y | ae og i wy hore es lee eee ‘ Fa 
- pala ee Rate oS ae i eee ee ees | Fee ae 
| ey 3 a be ' " ore ee 
eee oe od r Pes " a & SJ aa = et 
55) a a a: . ; f | ee ne 
RRR Te et RIE cee (alice an al ates Gulch: SEER SS hier 12, og a gf? 
a % i a, ee ae ae “a RE. ty WE ae eee oe eee aie 
a = hie ae ee sy ba “= ee. ‘eae: a pe: % er ae eee eel og aa ae ame 
‘e — SE f gee a 
. = a Fs 
; @ ee i 5 
' = a 
a oe a bes aa 
P ‘aie 4 , :4 { a , ‘ ~ 
aie . Fit 
;, Bi ats : 
3 j a i ¥ 
i i {ee = mg 1 
a a eS t 
i v “RAT... ae 4 RES : = 
ae | a ee 8 9 ae 
ae : Be Se ie ve can 4 
\ (la a : Ae i as 
o_o TT sien =f POLLS enemys pS la 
on ee —-_. a poe ea 
f es 3 alee i it ; = er ve 
4 ence “ ‘ieee 4 wd ee : ¥ in ee (a yi 
ee 9 en en lil . _ adits » > ale 5 eas f 
4 a. oo OF anes e Re Sie CM Red sy fos ; 
e i, 12h ig Vy . Bk etd iy 
A oe er ne , ye ae J re a al RON 
vs ps BSN ae! 3: a - 
ig bi: ‘i . > ae 468 em aes Oye eat a ae 
, a } _ | ai oe ak eee us 
a | | . Pi nn ee , as ae et 
. wo ~~ mn oman eet hi. ul Soa 
7 re ® 1OAY aa i. Si “ 
i =a p eee hee 
Kos zs Se 4 eee Mae 
a . oe > ie Ah ~~ Bae ie 
' = ‘ eee aie ’ -_ ae sea pi } Eh aa 
— ! ”~ aa 7" wt —— iy cs 
— ws > Bee Yi = > ie oe “ae 
agent Se ™ epee ia = g bi i , f =e. £ 
i wer re *. ,' 
. Se 2 ok i) ees re i | Ae e % aaa = er ge f re ‘ x ‘ 
ee Oe Pee SEE: 4 eee 1 eg ae ge f é Fe 
‘ ae Mig oe t? ee aa! Bae ial Pe. x a + eg r é : 
; .@ S| a oa 23 &. Bie es", | eyes rf v3 ; —_ rf i Sat 
‘ oy ‘y ¥ od bo ae fd q A a eine i BS i eae 
I Ae : 7 ia b iid Pas © 3s . oat 
: ee m 4 rae 7. - ‘ii Pee . ay ce 
# . ee i eae aang ee, ef ey Lh — Ae: Bec oh: 
» PN oie 69) (i oe - ae 
; “ | =, Se aS eS: dl J Veen ; é 
2. a reg of N be: aS 
; aay we Be Pj Be. I oe Pe ; 
ae fo te. ee , hee i 
a: ge PA ae ar 
5 ae cs. i < a SOE © 
Ae e a 
FE i- ff: 2 g ay mre: fae 
Pe a ee | 4 : old F apap 
; : es ao oy a 
— ae q é it = ; ee 
: ae + «aria 2 d ys ‘ na 
4 oN 4 ae % } ~*~ . a~ a ae att 
- be 2 i va eas. . r Big : . — ‘ = "4 i Lyi ey) 
: E il rr eee) 4 ea Me eh ee eee Re i aan aes 
. shi ae as ge Ps eins EA A oad tee cag a 5 ee 
PO ne eae a ican pte ne) 3 \o re No oS ee 
; ee . 
- Mt 
| ws is 
ig aes 
| bigs ce 
| thet 
F 
| | : ee a 
hw ee ET aa a a a oe a 
Pes PY z 3 
vat =e 
a Bel yng 
se woman 
: 5 ’ . , , , _—— , ' ; sata ‘ , a : re hay oo 
ee ee er ee ee RE Ty ee RS Re ee i oe Se, ie ee fees 


Ez ~— 


R/M—headquarters for “Teflon” products. 


. R/M can meet all your needs for sheets, rods, 


tubes, tape, thin-wall tubing (available with permanent color striping for identification purposes) 
and bondable “Teflon.” R/M can also supply molded, machined and extruded “Teflon” made to 


your exact specifications. 


“Teflon’s” many remarkable properties 
have established it as an important 
material for use in aircraft, missiles 
and spacecraft. Yet when you select 
“Teflon” for a particular job, you solve 
only part of your problem. Equally 
important is the selection of a source 
of supply you can depend on for both 
competent engineering assistance and 
the production capability needed to 
meet your exact specifications and 
quantity requirements. This complete 


“Teflon” service is yours from R/M. 
A pioneer in “Teflon” application 
and fabrication research, R/M offers 
design guidance that can help assure 
maximum part performance, and its 
ample production facilities can supply 
“Teflon” in the form best suited to your 
needs. Learn more about R/M’s com- 
plete “Teflon” service—and how it can 
benefit you—by contacting your near- 
est R/M district office. Or write Plas- 
tic Products Division, Manheim, Pa. 
*A DuPont trademark 


- RAYBESTOS-MANHATTAN, INC. 


PLASTIC PRODUCTS DIVISION FACTORIES: MANHEIM, PA.; PARAMOUNT, CALIF. 


Contact your nearest R/M district office listed below for more information or 
write to Plastic Products Division, Raybestos-Manhattan, Inc., Manheim, Pa. 
BIRMINGHAM 1 © CHICAGO 31 © CLEVELAND 16 ¢ DALLAS 26 © DENVER 16 © DETROIT 2 ¢ HOUSTON 1 
LOS ANGELES 58 © MINNEAPOLIS 16 © NEW ORLEANS 17 © PASSAIC ¢@ PHILADELPHIA 3 
PITTSBURGH 22 @ SAN FRANCISCO 5 © SEATTLE 4 © PETERBOROUGH, ONTARIO, CANADA 
RAYBESTOS-MANHATTAN, INC., Engineered Plastics « Asbestos Textiles » Mechanical Packings e Industrial Rubber 


Sintered Metal Products 


Brake Blocks « Clutch Facings 


Rubber Covered Equipment 
Laundry Pads and Covers e 


e Abrasive and Diamond Wheels e 
Industrial Adhesives 


Brake Linings 
Bowling Balls 
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MATERIALS INDICATE 
HIGH TEMPERATURES 


Temperature indicating 
materials for 2100° and 2200°F 
have been added to pellit line. 

Expanded line includes 
both Tempilaq® and Tempil- 
stiks® with higher ratings under 
development to meet expanding 
temperature boundaries. 

Tempil® Corp. 


Circle 92 on postcard for more data 


TAPE-CONTROLLED 
TURNING AND DRILLING 


Numerically-controlled 
lathe and drilling machines have 
specific low-cost objective. Tape- 
controlled lathe is in the $30,- 
000 bracket, employs point-to- 
point positioning control, six 
position tool turret. Drilling ma- 
chine is in the $10,000 price 
bracket. It consists of a numeri- 
cal control console with tape 
reader, a rugged table unit, 
pneumatic pack and 24 in. slid- 
ing head drill. 

Cincinnati Lathe and Tool Co. 


Circle 93 on postcard for more data 


TWO-AXIS SYSTEM 
OF NUMERICAL CONTROL 
Two-axis numerical con- 


trol system permits machining 
of complex part configurations 


on rotary profile milling ma- . 


chines. 
Typical parts machined 

with mills controlled by the 2- 
axis system: stainless steel jet 
engine housings, two dimension- 
al cams, spur gear type config- 
urations, transmission housings. 
High-speed tape reader is avail- 
able with system. 

Industrial Controls Section 

Bendix Aviation Corp. 
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HARVEY C. TAFE, named director 
of foreign sales-military, Convair 
Div., General Dynamics Corp. 


WILLIAM G. GISEL, appointed 
acting general manager of the 
Niagara Frontier Div., Bell Aircraft 
Corp. 


HARRY A. FERULLO, appointed 
weapons systems manager for the 
Missiles & Space Systems Div. of 
United Aircraft Corp. 


FRED A. KLEMACH, appointed 
Missile Systems Manager for Vick- 
ers Inc. 


DR. BENJAMIN P. BLASINGAME, 
appointed director of engineering for 
the AC Spark Plug Div. of General 
Motors operations in Milwaukee. 


John J. Burke 
Aerojet-General Siegler 


Hewson Lawrence 


HEWSON LAWRENCE, appointed 
director, division customer relations, 
Aerojet-General Corp. L. M. LIM- 
BACH, named corporate director of 
manufacturing. 


JOHN J. BURKE, elected vice- 
president of The Siegler Corp. 


MOORMAN R. BALIS, appointed 
director of contracts and planning, 
Bendix Products Div.—Missiles. JAcK 
A. REED, appointed contracts manager. 
T. S. TORIAN, appointed associate 
director of the contracts and plan- 
ning departments. 


HAROLD D. GERMANN, appointed 
general sales manager, Leach Corp. 


Harold D. Germann 
Leach Corp. 


Moorman R. Balis 
Bendix Products Div. 
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GORDON A. CROWE, appointed 
chief process engineer for the En- 
gineering Science Div., American 
Metal Products Co. 


WILLIAM H. KNOWLES, appoint- 
ed sales manager, Defense Div., Budd 
Co. 


CHARLES D. GOULD, appointed 
Chief Engineer at the Landsverk 
Electrometer Co. 


DR. WILLIAM L. WHITSON has 
been named a vice president of Day- 
strom, Inc. 


PHILLIP T. MADDEX, appointed 
chief engineer for the United States 
Borax & Chemical Corp. 


VICTOR P. KOVACIK, named re- 
search requirements manager of the 
Tapco Group of Thompson Ramo 
Wooldridge. M. JAMES CORBETT, named 
development requirements manager. 


EVERARD M. LESTER, appointed 
director of manufacturing of Ameri- 
can Machine & Foundry Company’s 
Government Products Group. 


GENE A. GOEDJEN appointed 
manager—military engine sales, pro- 
duction engine department, at Gen- 
eral Electric’s Flight Propulsion Div. 


FREDERICK D. DODGE, appointed 
chief engineer of Minneapolis-Honey- 
well’s Missile Equipment Div. 


ROBERT S. TURNER, named head 
of flight testing at the Martin Com- 
pany’s Baltimore Div. DR. HUGH L. 
COX, appointed lead engineer on ad- 
vanced classified projects at Martin- 
Denver. 


WILLIAM G. CROOK, JR., appoint- 
ed sales engineer, Foundry Products 
Div., Cooper Alloy Corp. 


WARREN R. SMITH, appointed 
assistant to the president, Fairchild 
Engine and Airplane Corp. 


Warren Bassett 
Electric Steel 
Foundry Co. 


Philip K. Reily 
Atlantic Research 


WARREN-BASSETT, named mana- 
ger of sales for Electric Steel Foun- 
dry Company’s service to the air- 
craft-missile industry. 


PHILIP K. REILY, JR. has as- 
sumed responsibility for the Develop- 
ment Department of Atlantic Re- 
search Corp. 


FRANK P. DELUCA, JR., appointed 
executive vice president of Acoustica 
Associates, Inc. 


JOHN A. STIEHL, appointed 
manager of administration at North- 
rop International. division of North- 
rop Corp. 


HARRY D. STONE, named mana- 

ger, sales and marketing, Metals Div., 
Kelsey-Hayes Co. 

continued on next page 
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The body of the missile, essentially one big fuel tank, is 
similar in principle to an inflated football. Convair-Astro- 
nautics broke new ground in missile design by developing a 
super-strong structure with a comparatively thin stainless 
steel skin to keep weight to a minimum. This stainless steel 
skin is so thin that the interior has to be pressurized to 
preserve the shape of the body as propellants are consumed 
in flight, or when the missile is being transported on the 
ground. 

Some critics, however, thought the body was too fragile— 
““You could dent it with a hammer.” So, recently, when the 
Scientific Advisory Board, engaged in a re-evaluation of all 
missile programs, arrived at Convair-Astronautics to take a 
reading on the ATLAS, they found that Convair had thought- 
fully placed a number of hammers within easy reach of a 
finished missile. “Go ahead, bash it,’’ invited Convair. The 
SAB members swung lustily. Not a dent was registered, for, 
although the walls are thin, the stainless has a minimum 
tensile strength of 200,000 psi. 

This stainless steel skin material, supplied by Washington 
Steel, required extremely close control of mechanical proper- 
ties and gauge tolerance which are regularly produced through 
Washington Steel’s long experience with precision rolling 
equipment. 


Stainless Steel—the Space Age Metal 


Washington Steel 


Corporation 


11-H Woodland Avenue 
Washington, Pa. 
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WILLIAM L. VANDAL has joined 
Aeronutronic, Div. of Ford Motor 
Co., as manager, Central Environ- 
mental Test. 


Daniel W. Ruple 
Titeflex 


Kenneth Dollinger 
Sanders Associates 


KENNETH DOLLINGER, designated 
project manager of the Target Seeker 
development for the Eagle missile at 
| Sanders Associates. 


DANIEL W. RUPLE, appointed 
vice president and general manager, 
Pacific Div., Titeflex, Inc. GEORGE 
DERUM, appointed manager of mar- 
keting for the Commercial Sales Div. 


C. M. MARTENSON, elected Presi- 
dent and General Manager of Hy- 
| draulic Research & Mfg. Co. 


DIXON FISKE, appointed sales 
product manager for the Eemco Div., 
Electronic Specialty Co. 


FRANK MANOV has joined 
Electro-Optical Systems as_ super- 
visor of a newly formed satellite and 
space defense studies group. A. T. 
FORRESTER has joined Electro-Optical 
as head of the Ion Propulsion Lab 
in the Fluid Physics Div. 


D. A. YOUNG, appointed chief 
design engineer for the Engineering 
Science Div., American Metal Prod- 
ucts Co. 


CAPT. NORMAN LEE BARR, has 
joined Republic Aviation Corp. as 
chief of Space Environment and Life 
Sciences research. 


T. F. DIXON, named director of 
engineering in a major expansion of 
the technical organization of Rocket- 
dyne, div. of North American Avia- 
tion Inc. 
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Cincinnati® Hydroform® machines 
are built in 8”, 12”, 19”, 23", 26” and 
32” sizes; Hydrospin® machines 
are built in a variety of styles and 
sizes to meet your production re- 
quirements. 


Another missile nose 
gets off the ground via 


CINCINNATI Hydroform/Hydrospin! 


NIKE HERCULES NOSE CONES are in quantity production at 
Lycoming (Stratford) Div., Avco Corporation, subcontractor to Douglas 
Aircraft Co., Inc., Charlotte Div., for these missile components. The success 
of this work is due to the unique capabilities of Cincinnati Hydroform and 
Hydrospin machines to form the nose cone to the desired contours and to 
the degree of precision required. 

In the foreground of Fig. 1, below, are shown the five work stages to 
produce the finished part. ‘“‘A”’ is the 17” dia. blank of 4%” thick, annealed 
6061 aluminum, which is preformed by a Cincinnati Hydroform to the shape 
shown at “B’’. Parts “‘C’’, ‘“D” and “E” represent the nose cone shape 
progression through three passes on a Cincinnati Hydrospin. Wall section of 
the final shape is tapered from .078” at the nose to .125” at the aft end, with 
wall thickness controlled by the Hydrospin to + .006”. The metal of the 
finished part is solution heat treated to a 
T6 condition. 

This winning Hydroform-Hydro- 
spin combination is aiding missile and 
many other component parts manufac- 
turers to produce formerly difficult or 
impossible sheet metal shapes to specified 
tolerances . . . while producing major sav- 
ings in time, tooling, labor and material 
costs as well. Look into the many advan- 
tages of Hydroforming and Hydrospin- 
ning. Call in a Meta-Dynamics Division 
field engineer for full details. 


| Hydroform/Hydrospin| 


META-DYNAMICS DIVISION 


Machines for Metal Forming and Heat Treating 
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AIRCRAFT & MISSILES DIGEST 
OF RECENTLY PUBLISHED TECHNICAL MATERIAL 


GOVERNMENT RELEASES 


PERFORMANCE OF FLARED EXHAUST 
DUCTS SUITABLE FOR JET FLAP APPLI- 
CATIONS. R. C. Lopiccolo, R. Z. Nelsen, 
Jr., and A. Palm-Leis. A 48-page re- 
port discusses controlled area method 
used to design effective flared exhaust 
ducts. These ducts would direct jet- 
engine exhaust to provide lift as well 
as propulsion to an aircraft — the 
principle of the jet wing or jet flap 
system. (Order PB 151466 from OTS, 
U. S. Department of Commerce, 
Washington 25, D. C.; price: $1.25) 


DETERMINATION OF MATERIALS DESIGN 
CRITERIA FOR 6A1-4V TITANIUM ALLOY 
AT ROOM AND ELEVATED TEMPERATURES. 
J. K. Childs, and M. M. Lemcoe. A 
275-page report presents useful de- 
sign criteria for the 6A1-4V titanium 
alloy, a high-tensile-strength, ther- 
mally-stable, hydrogen-tolerant alloy 
which has shown promise as a light- 
weight structural sheet material. Ten- 
sion, compression bearing, and shear 
properties were determined from 75 
to 1000°F. (Order PB 151274 from 
OTS, U. S. Department of Commerce, 
Washington 25, D. C.; price: $4.) 


THE AIR FORCE INTEGRATED FLIGHT IN- 
STRUMENT PANEL. C. Svimonoff. A 
163-page report on a new flight-in- 
strument panel which presents in a 
fully-integrated and readily-interpret- 
able manner, all information required 
by the pilot for the successful accom- 
plishment of his mission, including 
the newly required command infor- 
mation. The new panel represents 
the first application of the system 
title for Volume I is “Analysis for 
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approach to the total flight-instru- 
ment area. (Order PB 151541 from 
OTS, U. S. Department of Commerce, 
Washington 25, D. C.; price: $3.) 


BOOKS RECEIVED 


DICTIONARY OF GUIDED MISSILES 
AND SPACE FLIGHT. G. Merrill. Van 
Nostrand, 1959. 688 pp. $17.50. This 
illustrated dictionary covers the broad 
field of sciences associated with mis- 
siles and space flight. In numerous 
instances, definitions are followed by 
more extensive information of sup- 
plemental nature. Formulas, line 
diagrams and schematic drawings are 
provided throughout to explain fun- 
damental concepts. A comprehensive 
cross-referencing system is used for 
linking related terminology. 

Cross-referenced items are 
printed in bold-face type so that the 
reader may turn to the corresponding 
entry for additional information. 
Terms having multiple definitions are 
also cross-referenced. Among dis- 
ciplines treated are physics, chemis- 
try, electronics, aerodynamics, astro- 
dynamics, astronomy, and math- 
ematics. 


ANALYSIS AND DESIGN OF AIRCRAFT 
STRUCTURES. E. F. Bruhn and A. F. 
Schmitt. Tri-State Offset Co., 1959. 
Vol. I, 482 pp. $8.75. This text book 
and standard reference for aircraft 
stress analysis, since 1943, has been 
revised and amplified into two vol- 
umes. Both volumes bear the same 
over-all title, accompanied by a de- 
scriptive sub-title for each. The sub- 


Stress and Strain,” and. for Volume 
II (in preparation), “Strength Analy- 
sis and Design.” General contents of 
Volume I include: statically deter- 
minate structures; theory and meth- 
ods for solving statically indetermi- 
nate structures; beam bending and 
shear stresses, member stresses, com- 
bined stresses; introduction to prac- 
tical aircraft stress analysis. Ap- 
pendix A covers elementary arith- 
metical rules of matrices. In addition 
to the coverage offered in the pre- 
vious printing, Volume I features a 
chapter on the analysis of special 
wing problems, and one on the struc- 
tural analysis of a delta wing by the 
“method of displacements.” Illustra- 
tive diagrams, problems and solution 
are presented throughout. 


PHYSICAL LAWS AND EFFECTS. C. F. 
Hix, Jr. and R. P. Alley. Wiley, 1958, 
291 pp. $7.95. This is a conveniently 
arranged catalog of both familiar and 
unfamiliar scientific laws and effects. 
It is a useful cross-referenced com- 
pilation of information for engineers 
and scientists engaged in the solution 
of technological problems. It can serve 
effectively as a thought simulator 
through reference to some little-pub- 
licized phenomena of nature. To facil- 
itate systematic searching, the infor- 
mation is presented as follows: alpha- 
betical index of physical laws and 
effects; description of the laws and 
effects, with an illustration of appli- 
cation, and indication of the expected 
magnitude, references for additional 
information, and quantities; cross 
reference by physical quantities, 
listing also other quantities covered 
by the same law; and cross references 
by fields of science. 
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Bulova designer-engineers can help you from concept to production 


Bulova infra-red, camera, TV and radar techniques are being combined with 
Bulova analysis and display systems for defense and industry. 


Bulova infra-red R & D extends to fire control systems, filters, reticles and ther- 
mistor bolometers, as well as advanced work in mosaic and photoconductor cells. 
Here is a proven capability ready to assist you in any area of IR development from 
black body emanations through detection to final display. 


Experience in precision design and precision manufacture is the Bulova tradition, 
the Bulova capability. It has been for over 80 years. For more information write — 


Industrial & Defense Sales, Bulova, 62-10 Woodside Ave., Woodside 77, N.Y. 
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Honeycomb Sandwich 

Brochure E—Honeycomb Sand- 
wich design data. 

Brochure D — Supplementary 
brochure with detailed honeycomb 
data. 


Hexcel Products 
Cirele 95 on postcard for more data 


Welding Booklet 
Booklet, “How To Weld U. S. 
Steel’s T-1 Steel,” includes a heat in- 
put calculator for use in welding. 
U. S. Steel Corp. 


Cirele 96 on postcard for more data 


Silver-Zinc Batteries 
Design details for over twenty 
new manual and automatically acti- 
vated silver-zinc primary batteries. 
Cook Batteries 


Circle 97 on posteard for more data 


USS 301 
Data sheets on USS 301 stain- 
less steel for aircraft and missiles. 
U. S. Steel Corp. 


Circle 98 on postcard for more data 


Ultrasonics 
12-page ultrasonic cleaning pri- 
mer, 


National Ultrasonic Corp. 
Circle 99 on postcard for more data 


Electronic Facilities 
Brochure shows design, manu- 
facturing, testing facilities. 
Dalmotor Div. 
Yuba Consolidated 


Cirele 100 on postcard for more data 


Specialty Steel 
40-page guide 
cialty steels. 
The Carpenter Steel Co. 


Cirele 101 on postcard for more data 


to firm’s spe- 


H-11 Steel 

24-page booklet gives full data 
on type H-11 high strength steel for 
aircraft and missiles. 

Allegheny Ludlum Steel Corp. 


Cirele 102 on postcard for more data 


YIG 
Bulletin on growth of single 
erystal Yttrium Iron Garnet for solid 
state amplifiers. 
Linde Co. 


Cirele 103 on postcard for more data 


Superalloys 
Bulletins on vacuum induction 
melted UDIMET 700 and UDIMET 
41 superalloys. 
Metals Div. 
Kelsey-Hayes Co. 


Cirele 104 on postcard for more data 


“Fail-Safe”’ Annunciator 
Bulletins describe operation of 
industrial process alarm system. 
Panalarm Div. of Panellit /ic. 
Circle 105 on postcard for more data 
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is available without charge 
from the various 


Engineering Career Guide 
Basic information about eight 
major engineering activities and the 
kinds of persons usually successful 
in each. For critical self evaluation. 
Flight Propulsion Div. 
General Electric Co. 


Circle 106 on postcard for more data 


Facilities 
Six-page Bulletin 5902 on 
firm’s Materials Evaluation Div. 
United States Testing Co. 


Circle 107 on postcard for more data 


Corrosion Chart 

Wall chart provides compara- 
tive corrosion resistance of zirconium, 
titanium, tantalum, Hastelloy “C”, 
and stainless 316 tubing to 43 com- 
monly encountered reagents. 


Damascus Tube Co. 
Circle 108 on postcard for more data 


1.G.W. Avionics 
Avionics Dept. described. 
Indiana Gear Works 


Circle 109 on postcard for more data 


Time-Temperature Conversion 
“Conversion Charts For Time- 
Temperature Parameters” represent 
method of converting stress-rupture 
test data to a parameter. 
Aviation Gas Turbine Div. 
Westinghouse Electric Corp. 


Circle 110 on postcard for more data 


Metal Ceramic Headers 
Recently developed line de- 
scribed. : 


Radian Labs. 


Cirele 111 on postcard for more data 
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Metals 
Bulletin 109 presents data on 
RA309 metal used extensively where 
heat or corrosion is a problem. 
Rolled Alloys Inc. 


Circle 112 on postcard for more data 


Tool Steel 
Booklet on high-carbon, high- 
chrome, air and oil-hardening tool 
steel, “TRI-TUNG.” 
Uddeholm Co. of America 


Cirele 113 on postcard for more data 


Titanium alloy 
Heat-treatable titanium alloy, 
Ti-4Al-3Mo-1V for high speed air- 
craft treated in new engineering 
bulletin. 
Titanium Metals Corp. of America 


Circle 114 on postcard for more data 


Aluminum Alloys 
Technical brochure outlines 
properties of Olin Aluminum alloys 
in pig, ingot, and billet forms. 
Henning Brothers & Smith Inc. 


Circle 115 on postcard for more data 


Space Age Capabilities 
24-page facilities brochure de- 
scribes space-age capabilities. 
Vap-Air 
Div. of Vapor Heating Corp. 


Cirele 116 on postcard for more data 


Copper-Base Casting Alloys 

Reprint of discussion of prop- 
erties before American Society for 
Testing Materials. 


Brass and Bronze Ingot Institute 
Cirele 117 on postcard for more data 
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Anti-Collision Lights 
Specs on Madsen Xenon gas 
filled bulbs for aircraft. 
Sky Data Div. 
Aircraft Engineering & 
Maintenance Co. 
Circle 118 on postcard for more data 


Precision Ground Steels 
16-pg. catalog on _ precision 
ground tool steels. 


Peninsular Steel Co. 
Cirele 119 on posteard for more data 


Skydart | 


Sheet gives operation capabili- 
ties, and general details of Skydart 
I rocket-powered target. 

Santa Barbara Div. 
Curtiss-Wright Corp. 


Circle 120 on postcard for more data 


Servomotors 


Comprehensive details of Beck- 
man Size 15 Servomotors. 
Helipot Div. 
Beckman Instruments 
Circle 121 on postcard for more data 


Silicol 
Price sheets on firm’s silicone 
rubber in sheet form. 
Colonial Rubber Co. 


Circle 122 on postcard for more data 


Synchros 


Illustrated 170-pg. catalog of 
synchros, servo motors, servo ampli- 
fiers, resolvers, rate gyros, potentiom- 
eters. 

Ketay Dept. 
Norden Div. 
United Aircraft Corp. 


Circle 123 on posteard for more data 


Target Simulation 
Complete description of equip- 
ment in Controllable Radar Target 
Simulator. 
System Development Corp. 


Circle 124 on postcard for more data 


Thermocouples 
Catalog EN-S2 on full line of 

thermo-couples. 
Leeds & Northrup Co. 


Circle 125 on postcard for more data 


Titanium Machining 
32-page illustrated manual. 


Titanium Metals Corp. of America 
Circle 126 on postcard for more data 


Columbium Tubing 
Special analysis memo. no 121 
deals mostly with applications of co- 
lumbium with some details on tanta- 
lum and vanadium tubing. 
Superior Tube Co. 


Circle 127 on postcard for more data 
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PULSE RATE CONVERTERS 


Waugh FR-300 Series Pulse Rate Converters are being used in air- 
craft, missiles, ground support and instrumentation systems for 
flow, tachometer and frequency measurement applications. 


All models utilize transistors and magnetic circuitry exclusively, 
resulting in exceptionally high stability, low power consumption and 
compact size. Components operate well below their rated capacity 
assuring complete reliability and longer life. 


Model FR-302 is a frequency-to-DC converter, producing DC voltages 
which are directly proportional to the frequency of the AC input 
signal. The FR-303 is a frequency-to-DC converter with zero suppres- 
sion, providing full scale output signals over narrow input frequency 
ranges. The 302 and 303 are particularly suited to airborne operation 
and will work in conjunction with 0-5 volt DC oscillators for tele- 
metering applications. Model FR-305 is a direct reading frequency 
indicator, combining an indicating meter with the circuitry of the 
FR-302 in a single instrument for visual readout applications. 


All models are available with modifications of input and output char- 
acteristics and frequency ranges. 


For Detailed Information Write for Bulletin 103 


Continuing its spectacular life- 
test, this Waugh FF Series Fluid 
Bearing Flow Sensor has operated 
at 35 GPM, without pause, for 
4,833 hours to date. Expectancy: 
Unlimited! 


WAUGH 
ENGINEERING 
COMPANY 


7842 BURNET AVENUE 
VAN NUYS, CALIFORNIA 
STate 2-1710 


Engineering Representatives in Principal Cities 
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Titanium-alloy bands 
(Ti-GAL-4V) are riveted at 
18 inch intervals around 
DC-8 forward section 

to guard against 

* crack propagation. 


Castor oil, heated to 
100° F, keeps air from 
being trapped inside 
electronic transducer 
assembly being covered 
with rubber shells 

at Martin Co. 


) 
i 


Closed die forging is 
checked at Alcoa, 
Cleveland, before 
shipment to Lockheed. 


Rocket-fuel container, of 
new precipitation-hardening 
AM-355 stainless 

steel, is strain-tested at 
The Budd Co. 


Hydro-Air “flying 
platform” nears 
completion at 

Spacetronics Inc. 
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MULTIPLE PAYLOADS? 


NASA may launch mul- 
tiple satellites in single firings, 
according to Edgar Cortright, 


chief of programs, advanced 
design, for the Agency. He 
stated: 


“Plans are underway to 
use large payload capabilities 
for multiple experiments, per- 
haps even multiple satellites.” 

Both polar and stationary 
equatorial satellites are eventu- 
ally planned under communica- 
tion satellite program, he added. 
Inflatable aluminized-mylar 
balloon to be launched in early 
1960, is 0.005 in. thick, weighs 
150 lb. Microwave signals are 
reflected both ways off the satel- 
lite between Bell Telephone’s 
Holmdel, N. J. facility and 
NASA’s Goldstone, Calif. sta- 
tion. 

Planners envision man- 
ned circumnavigation of moon 
after experiments with manned 
orbits. In plans, the manned 
lunar probes would take place 
in less than 10 years if boosters 
in Saturn size were developed 
speedily. 


F-108 CANCELLATION 
North American Aviation 
has indicated that, because of 
Air Force cancellation of F-108 
development, it will probably 
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ENGINEERS—SCIENTISTS 


Seek and Find 
Daring New Goals 
and Rewards with 
General Electric’s 
Growing 


FLIGHT PROPULSON 
DIVISION in cincinnati 


Our engineers and scientists en- 
joy the daily challenge of new 
and stimulating technical prob- 
lems in the largest number of 
advanced propulsion system proj- 
ects in our history. Men with 
imagination and ideas are needed 
as Managers and Specialists in: 


. . +. high Mach powerplants using 
hydrocarbon fuels (Jet Engine Dept.) 


. . . . commercial jet powerplants 
(Commercial Engine Operation) 


. ++. plasma and ion power sources 
for rockets and space vehicles; 
VTOL powerplants. (Flight Propul- 
sion Laboratory Dept.) 


. « . . developing production tech- 
niques for unusual materials and 
design configurations (Production 
Engine Dept.) 


Advancement opportunities 

are multiplied— 

nearly 50% of our professional 
people earn promotion every year. 
Our engineering staff has more 
than doubled since 1955. 


eS LOOK INTO NEW POSITIONS 
NOW OPEN IN OUR 4 DEPART- 
MENTS IN CINCINNATI FOR 
Graduate Engineers and Scientists 
experienced in: 
MECHANICAL DESIGN 
Jet, rocket powerplants 
Turbofans 
Components 
Stress, vibration 
Heat transfer 
Turbomachinery 
HIGH ENERGY 
MATERIALS DEVELOPMENT 
Metallurgy 
Ceramics 
RELIABILITY ENGINEERING 
Powerplants 
Components 
Mathematical analysis 
Accessory & Control systems 
QUALITY CONTROL 
INSTRUMENTATION 
DEVELOPMENT 
WELDING ENGINEERING 


THERMODYNAMICS 
Send your resume to Dr. Mark El- 
wood, Bldg. 100, Dept. 125-MK. You 
will receive a prompt reply, including 
our 32 page illustrated brochure, 
“Thrust & Progress.’’ 


FLIGHT PROPULSION DIVISION 


GENERAL @® ELECTRIC 
Cincinnati 15, Ohio 
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assume some B-70 work pre- 
viously subcontracted. 

B-70 subcontractors in- 
clude Boeing (wing), Lockheed 
(fuselage section), and Chance 
Vought (horizontal and vertical 
stabilizer sections). 


ARPA PLANS TRANSFER 
OF SPACE PROJECTS 


The Midas, Samos, Tran- 
sit, and Notus satellite systems 
may remain in ARPA’s fiscal 
61 budget. 

Plans for transfer of 
these ARPA space-projects were 
announced recently. Actual 
transfers are not expected for 
a year to two years from now. 
Interval would be used for coor- 
dination between the agency and 
the new developer-operators. 


ARPA now has a new, 
classified project involving earth 
and space environments. This 
gives it five general areas: ma- 
terials research, military space 
technology, advanced missile de- 
fense, solid propellant research, 
and the secret project. 


The transfer plan recalls 
the agency’s charter to engage 
in and supervise advanced re- 
search projects with one aim 
being “to facilitate early opera- 
tional assignment.” 

Planned shift gives the 
Air Force responsibility for 
development, production and 
launching military space boost- 
ers; except for the Saturn boost- 
er; and for developing Midas 
early warning satellite and Sa- 
mos reconnaissance satellite. 
Navy was assigned Transit navi- 
gation satellite system. Army 
will develop Notus satellite- 
borne communications system. 


Officers of the seven self- 
governing divisions of SAMPE 
(Society of Aircraft Materials 
and Process Engineers) will 
meet in Los Angeles during 
Western Division’s Sealant Sym- 
posium to discuss organizing on 
a national basis. 
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RAZING! 


in fact we are 


SPECIALISTS 


in the use of pure dry hydro- 
gen and nickel alloy for 
brazing aircraft, rocket and 
missile components. Our 
equipment is also ideally 
suited for bright annealing 
powdered metal sintering and 
copper brazing. 


let us 


SEND YOU 


our illustrated brochure 
“Trail Brazing for the Space 
Age’’ Use handy coupon below. 


WESTERN ALLOY 
ENGINEERING CO., INC. 
847 Truck Way, Montebello, California 


Please send me, without obligation, the 
brochure “Trail Brazing for the Space Age.’ 


Company Name 


By. 


Address__ 


City Zone___ State 
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FOR 
SUPER-FINE 
CUTTING 
OF HARD, BRITTLE MATERIALS 


hMibihite 


We cut a section from this fragile sea shell just to show that in a matter 
of seconds almost any hard, brittle material can be cut or abraded with 
the S.S. White Industrial Airbrasive Unit. 

Cool, shockless, super-precise, the unit uses a controlled stream of 
fite abrasive, gas-propelled through a small nozzle. It is so flexible in 
operation that the same simple tool can frost a large area or can make 
a cut as fine as .008” . . . on a production basis! 

Almost every day new uses are being discovered for the Airbrasive 
Unit, in the lab or on the production line .. . shaping . . . deburring.. . 
wire-stripping . . . drilling . . . engraving . . . frosting . . . materials test- 
ing... cleaning off surface coatings. 

All types of hard brittle materials . . . glass, germanium and other 
fragile crystals, ceramics, minerals, oxides, metal, certain plastics. 


Industrial 
Yulé Airbrasive’ Unit 


Send us your most difficult samples and 
we will test them for you. — 


SEND FOR 


BULLETIN 5705A 
...-complete information 


hi bshite 


New dual Model D! 


S. S. WHITE INDUSTRIAL DIVISION * Dept. 18-A + 10 East 40th Street, New York 16, N. Y. 


Exclusive representatives for Arizona and California * WEIGHTMAN AND ASSOCIATES, Burbank, Calif. 
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CONTRACTS ... 
. . « PROCUREMENT 


Western Electric re- 
ceived a $188,402,905 Army 
contract for R & D on the Nike 
Zeus anti-missile systems; and 
got an additional $10,995,680 
from the Army for Nike Hercu- 
les. 

The Air Force awarded 
American Bosch Arma $53,350,- 
000 for advanced lightweight 
versions of Atlas all-inertial 
guidance system. Funds also 
cover additional systems besides 
present one. Air Force gave 
American Machine and Foundry 
$42,600,000 to build the first 
18 operational launching sys- 
tems for Titan. 

The Army gave Martin- 
Orlando $24-million for Persh- 
ing development; and Raytheon 
$30,162,502 for Hawk. Bulk of 
latter contract is for ground 
support. 

Aerojet-General received 
an $8-million subcontract from 
Grumman to develop rocket 
power plant for the Eagle. 


In aircraft, Navy con- 
tracts included: 
¢ $137,600,000 to Mc- 


Donnell for F4H-1 jets. 

¢ $67,800,000 to Lock- 
heed to begin producing P3V-1 
ASW planes; $19,110,000 to 
Lockheed for 26 P2V-7 Nep- 
tunes. 

¢ $9,500,000 to Chance 
Vought’s Aeronautics Div. to 
incorporate technical advances 
in 164 Crusaders. Program 
stretches through February, 
1961. Firm said a new order for 
the F8U-2N will exceed $25- 
million. 

¢ $11,355,000 to Avia- 
tion Gas Turbine Div., Western 
Electric, to produce the J34- 
WE-48 jet engine 
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AIRCRAFT 
DESIGN 


Vertol is wind-tunnel-testing a model of new design 
ground support vehicle at James Forrestal Research Cen- 
ter, Princeton, N. J. . Spacetronics Inc. unveils their 
tear-drop-shaped air-cushion prototype this month. De- 
sign utilizes horizontally rotating propeller and plenum 
chamber. .. . The PT-6, 250 lb 500 hp free turbine engine 
being developed by Canadian Pratt & Whitney Aircraft, 
is designed for single and multi-engined planes, heli- 
copters, and VTOL craft. Conventional engine layout is 
reversed, avoiding concentric shafting. 


DEVELOPMENT 


Report of the Research and Development Subcom- 
mittee of the Joint Committee on Atomic Energy said 
that flying a nuclear-powered plane as early as possible 
is “in the national interest.” It advocated continued 
emphasis on developing advanced materials concurrent 
with any programing to achieve early flight with avail- 
able materials. Report cited “recent technical advances” 
in the indirect cycle system, urging continued effort. .. . 
Pratt & Whitney is pursuing indirect cycle work at Middle- 
town, Conn. ... The AEC said General Electric will con- 
tinue development of the X-211 direct cycle system but 
with increased emphasis on developing more advanced fuel 
elements for a higher performance powerplant. . . . Ly- 
coming will develop the T-55 shaft turbine engine through 
its 150 hr qualification test under new Air Material com- 
mand contract. ... The Bell X-14 VTOL plane is now at 
NASA’s Ames Research Center for more flight testing. 

. Lockheed’s Jetstar is the Air Force choice as a bom- 
bardier-navigator jet trainer; it was chosen over McDon- 
nell’s Model 119-A. 


_ 


stry orbit 


PRODUCTION 


Vertol begins assembling the YHC-IB “Chinook” 
this month, mockup review scheduled for January. .. . 
Piasecki is producing its second “flying jeep” which will 
be powered by two instead of one gas turbine. Rollout 
is expected by the end of January. . . . LaPointe Machine 
Tool Co. has built a 340 inch helicopter spar broaching 
machine. It broaches the inside contour of a 24 ft spar 
using a conveyor system and over 30 broaching tools. 
Final pass leaves finish better than 50 micro-inch. .. . 
Cancellation of the F-108 program is attributed to DOD 
decision to cut programs regarded as “marginal.” B-70 
shapes up as the “all-purpose” plane carrying the air- 


launched missiles which are one reason for demise of the 
F-108. 


MISSILES 
DESIGN 


Test firings of a Minuteman “live” first stage and 
dummy second and third stages are underway at Edwards 
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Air Force Base. Missile is tethered with 2000 ft. of 
nylon cable since tests aim mainly at investigating design 
of the operational Minuteman launch silo. . . . Satellite 
powerplant proposed by Allison Div., General Motors, in- 
cludes Stirling-cycle engine of one cubie inch displace- 
ment capable of producing 1% hp. A lab model was re- 
cently operated on solar energy with plastic 20 ft. diam. 
Fresnel lens concentrating sun’s rays on a window in 
engine’s heat trap. . Vanguard III went into orbit 
attached to Allegheny Ballistic Laboratory X-248 solid 
propellant rocket rather than usual Grand Central X-242 
third stage. .. . ABMA is supporting studies of acoustic 
vibration problems affecting design of the launching pad 
for the 1.5 million-lb.-thrust Saturn. . . . Martin is in- 
vestigating application of its portable reactor systems as 
independent power sources for hard-based missile sites, 
and as power under vacuum conditions of the moon... . 
Douglas holds the contract for preliminary design of air- 
launched missile which could have anti-satellite applica- 
tions. 


DEVELOPMENT 


Firings of final series of Polaris test vehicles are 
underway at Cape Canaveral and will continue through 
the Spring. . . . Failure of the first Transit 36 inch, 265 lb. 
navigational satellite is laid to non-firing of third stage 
of Thor Able launching vehicle. . . . Martin’s Nuclear Div. 
is testing five SNAP III power generators to see how the 
generator housing would take shock and vibration of a 
multi-stage rocket. Both when fueled with radioisotopes 
and electric battery heaters, generators dipped in power 
output under vibration. Output did not dip under centri- 
fuge loads of 15 g’s—equivalent to rocket launching 
loads. . . . Martin is now developing an isotopic tube 
heater for WADC. It cuts weight of battery pack used 
in rockets or space platforms. ... Ryan Aeronautical will 
build at least one solid rocket chamber, sub-scale for test 
purposes, of titanium. . . . Wyman-Gordon is applying a 
new beryllium-forging process to approxiately ten develop- 
ment configurations. Process has forged a 160 lb hollow 
beryllium part which is being tested. . . . Rocketdyne’s 
Dr. Robert H. Boden, who engineered prototype ion thrust 
device, says flyable ion engine could be ready within five 
years. ... With control of Saturn Project by NASA in- 
stead of the Army almost certain because of presidential 
backing, Agency says it will keep von Braun team of sci- 
entists intact at Redstone Arsenal. . . Air-launched 
two-stage missile which reached near Explorer VI orbit 
last of ten vehicles which Martin built in Bold Orion 
development. .. . Nike Zeus anti-missile missile was fired 
at White Sands with series of technical-appraisal tests 
slated through Spring. 


PRODUCTION 


Casing for Atlas Able IV solid propellant third stage 
was produced by filament winding technique developed 
over a ten year period at Hercules Spring Div. of Her- 
cules Powder Co. Fiberglass filament is impregnated with 
epoxy resin and casing has strength-weight ratio four 
times that of steel... . Pratt & Whitney Div. of United 
Aircraft is now operating a new Floturn machine built 
to P & W specs by Lodge & Shipley. Believed the largest 
in the world (over 300,000 lb.) it is making experimental 
solid fuel rocket cases, can produce a piece 80 in. wide, 30 
ft. long. The installation, which took 18 months from 
design to installation, permits seamless and weldless de- 
sign. . . . Ryan Aeronautical is developing a welded 
strip-winding technique along with its work on Polaris 
solid rocket chambers. Thin sheets of steel are wound 
around a mandrel, tackwelded, and then spotwelded to 
create the desired wall thickness. @ 
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Precisely for 
Missile Testing and 


CHRISTIE 
oe a ¢ 


SILICON 
POWER 
SUPPLIES 


available in 30 standard. 
ized and militarized models 
from 30 to 1500 amps. 
6 to 135 volts. CHRISTIE'S. 
QUALITY CONTROL is 
approved by the A.E.C., 
leading aircraft and missile 
manufacturers. 

Write For Bulletin AC-58-A 


CHRISTIE 
ELECTRIC CORP. 


3410 W. 67th Street 
Los Angeles 43, Calif. 
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industry notes 


FACILITIES ... 


Standard Pressed Steel Co. is 
doing experimental work on beryllium 
fasteners in building it has acquired 
near its main plant. 


Astro Metals Corp., Hawthorne, 
N. J., is building special facilities for 
its new beryllium components divi- 
sion. They will aid Astro’s NASA- 
supported project to study refractory 
metals of critical importance to re- 
entry problems. 


Sylvania Electric Products 
plans completion of new 6,000 sq. ft. 
structure, for fabricating refractory 
metals, early next year. 


American Metal Climax Inc. 
will build a new germanium refining 
plant at Carteret, N. J.—full opera- 
tion expected next year. 


AC Spark Plug is adding 215,- 
000 sq ft to its Oak Creek, Wisc. mis- 
sile guidance plant. 


Giddings & Lewis Machine 
Tool Co. has acquired a substantial 
interest in Nassovia Werkzeugmas- 
chinenfabrik G.m.b. H., German ma- 
chine tool producer. 


Norden Div., United Aircraft, 
is building multi-million-dollar en- 
gineering research and manufactur- 
ing facility in Norwalk, Conn. 


Tapco Group of Thompson 
Ramo Wooldridge has three new 
buildings slated for completion early 
next year in Anaheim, Calif. for re- 
search, development and manufacture 
of aircraft and missile products. 


Bendix Aviation’s semicon- 
ductor products plant is slated for 
completion next year. 


F. J. Stokes Corp. breaks 
ground this month for a 50,000 sq. ft. 
addition for high-vacuum processing. 


Lear, Inc. is operating a new 
172,800 sq. ft. plant housing all the 
manufacturing activities of its In- 
strument Div. 


Chance Vought is installing 90 
per cent new equipment in its heat 
treating facility in a $1-million 
modernization to handle exotic metals. 


Master Control Center planned 
by Lockheed Missile and Space Div. 
at Mountain View, Calif. will inte- 
grate world-wide satellite-tracking 
information. It will include closed 
circuit tv views from Vanderburg 
AFB site 250 miles away. It will 
have important functions in moni- 
toring Samos reconnaissance satellite 
system. 


Hughes Aircraft has formed 
an Advanced Program Development 
Operation within its Airborne Sys- 
tems Group to “keep pace with the 
growing complexities of modern 
weapons systems.” 


North American Aviation has 
added a $140,000 deep freezer to its 
Columbus, O. plant. Built and in- 
stalled by Tenney Engineering Inc., 
it is capable of —120 deg. F, will 
be used in a new method of fabricat- 
ing supersonic wing sections by hon- 
eycomb brazing. 


Metals Div., Kelsey-Hayes Co., 
has installed a 5,000 lb. high vacuum 
induction furnace. Reported as “sig- 
nificant breakthrough in vacuum met- 
allurgy,” it reportedly makes feasible 
vacuum induction furnaces of 10,000 
Ib. and 20,000 Ib. capacities. 


North American Aviation has 
completed purchase of full interest 
in Astrodyne Inc., whose solid pro- 
pulsion operations will be continued 
as part of the Rocketdyne Div. 


Chemical Milling International 
Corp. has been issued the patent for 
contouring honeycomb core by chemi- 
cal etching. 


Douglas Aircraft expects to 
operate an RW-300 digital control 
computer in early 1960. 


Whittaker Engineering Lab- 
oratories, Telecomputing Corp., has 
a new method of testing gaseous 
oxygen relief valves in X-15 LOX 
system. Valve is attached to 5,000 
force pound shaker. Cycling oscil- 
lator excites it through full range 
of frequencies as temp drops. 


Linde Co., div. of Union Car- 
bide, expects to operate a new plant, 
for liquid oxygen-nitrogen production, 
in about a year near Neosho, Mo. 
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many products... 


many fields 


Inner throat of rocket’s 
graphite nozzle insert is 
machined to within plus 

or minus six thousandths 
of an inch at Cleveland 
plant of National 

Carbon Co. 


In Convair 880 


pressurization system, Infrared analyzer locates minuscule leaks in 
electrical wiring from wing tanks at Martin Co. Nitrous oxide, 
cabin passes through injected from outside, moves to leak source, 
Burndy Corp. sealed actuates neon light on Perkin 
bulkhead panels. Elmer analyzer inside wing. 


Reusable 580 Ib shipping container protects 500 Ib 


missile from —65°F to 160°F under shock of 25 


g’s. It is aluminum 6061-T6 alloy .081 in. thick. Engineer appears lost 
Ludwig Honold did design and fabrication. General amid giant blades used 
Electric developed specs and designed shock in turbine 


mount system. 


Seven-ton radar antenna 
for SAGE in final assembly 
at the General Electric 
Ordnance Dept. 
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at pressures up to 
12,000 psi and discharge 
capacities to 150 SCFM 

fo Tis, Reesyunche, 


T WORK 


Write for 
New Technical Data 
and CATALOG 


(Cy CARDAIR 


CENTRAL COMPRESSION SYSTEMS 


New data book and catalog belongs in 
your files .. . when you are planning, de- 
signing or specifying high pressure air and 
gas facilities. Includes description and en- 
gineering data sheets on new or improved 
CARDAIR (formerly Cardox) Central 
Compression Systems—now used by prime 
contractors, suppliers of missile compon- 
ents and controls, testing laboratories . . . 
wherever high pressure —100° F. dew 
point (less than 4 ppm oil content) air, 
helium or nitrogen is required. 


Systems are designed for any degree of 
purification, Wide range of models, skid- 
based fixed or mobile,—pressure ranges 
from 4,000 to 12,000 psi—S0 to 150 SCFM. 
Completely engineered systems or package 
units. Backed by 15 years’ successful per- 
formance in high pressure (12,000 psi) 
gases, including Mil Specs. District offices 
and warehouses throughout country. Mail 
coupon today. 


pecsseeeseseoossssssooresese4 


AIRDOX CARDOX PRODUCTS COMPANY 
High Pressure Pneumatics Division 
307 N. Michigan Ave., Chicago 1, Ill. 


Please send new catalog and data file on 
CARDAIR Central Compression Systems. 
Name seidigiiaeipteinemcisciaiaie —* 


Se . as te 


CUO esas — 


oe Zone___ State 
Western States Distributor: 


General Air Equipment 
824 Hollywood Way, Burbank, Cal. 
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| metals, 
_ withstand temperatures approx- 


industry notes. . . continued 


In many phases of mis- 
sile construction and _ testing, 
| resistance welding is replacing 
| bonding or soldering tech- 
niques. Result is increased re- 
liability at high temperatures. 
These operations include welded 
honey-comb structures, thermo- 
couples, strain gages, and high- 
temperature transducers. 

Because resistance welds 
are a direct fusion of the parent 
such connections will 


imating the melting point of 
the metals themselves. There- 


keeeeeaeaee ee eee eaeeee= 


_ fore, heat limitations are es- 
tablished by the parts being 
welded — not by the connections 
or joints. 

An example is thermo- 
couple wires. Chromel-Alumel 
and platinum, platinum rhodium 
resistance-welded junctions con- 
sistently withstand extremely 


high temperatures. 
Another example, is 


stainless steel honeycomb sec- 
Rheem 


tions. Manufacturing 


_ Convair welds “difficult” metals for 
thermocouple assembly with tweezer 
| handpiece. 
welds these to edge members 
with brazing foil sandwiches in 
between. Positioning is easier, 
| faster, with no chance for 
change before brazing is com- 
plete. Up to five layers of stain- 
less steel and brazing foil are 
welded at one time. 
In the Convair B-58 
flight-test program, hundreds 
| of unique high-temperature pick- 
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RESISTANCE WELDING FOR HIGH-TEMP OPERATION 


} by Gerald E. Woods, General Manager 
Weldmatic Div., Unitek Corp. 


ups constructed through re- 
sistance welding were used to 
measure the dynamic and static 
pressure differential on airfoil 
surfaces. Consolidated Electro- 
dynamics’ Transducer Division, 
the manufacturer, is also using 
resistance welding in new de- 
signs aimed for extremely high 
temperature operation. 

Resistance welding equip- 
ment for these operations con- 
sists basically of a capacitor-dis- 
charge power supply and the 
electrodes, which may be either 
in permanent fixtures or in hand- 
pieces. Capacitor-discharge wel- 
ders draw energy from stand- 
ard line sources at a low level. 
This voltage is stepped up, rec- 
tified, and stored in the capaci- 
tor bank. When the weld circuit 
is closed, a large quantity of 
energy flows through the pri- 
mary of the pulse (welding) 
transformer and a_ secondary 
welding current of high peak 
is produced. 

The real secret to excep- 
tional high-quality welding is 
an extremely short current flow 
or “pulse width.” The large 
burst of energy, which lasts 
only milliseconds, permits com- 
plete fusion to occur between 
the metals involved. But heat 
transfer with its side effects of 
deformation and discoloration 
cannot occur. 

So-called ‘difficult’ 
metals are welded easily with 
this method. Convair assembles 
iron-constantan thermocouple 
leads to low-carbon _ steels, 
siuminum alloys, and magne- 
ium alloys, with complete re- 
itability. 

The millisecond _ spot- 
welding principle also finds a 
great deal of use in ultra-fine 
work, including work done under 
binocular microscopes and with 
tweezer-type welding hand- 
pieces. 
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Moving furnace brazes 16-ft-long honeycomb wing spar at Solar Aircraft. De- 


signed and built by Solar, it brazes at up to 2000°F. 


All-metal honeycomb struc- 


ture is sealed into mandrel and placed on T-bars. 


PRODUCTION TECHNIQUES 


Lapointe Machine Tool Co. has 
built a 340 inch helicopter spar 
broaching machine. It broaches the 
inside contour of a 24 ft spar using 
a conveyor system and over 30 
broaching tools. Final pass leaves 
better than 50 micro-inch finish. 


Lockheed Aircraft Service is 
using Picker X-Ray Iridium 192 unit 
to inspect inaccessible sections of 
aircraft. Radio-active source pene- 
trates three-inch-thick metals. 


Navy technique to determine 
sparking characteristics of metals is 
described in OTS report PB 151650. 


Corning Glass Works is form- 
ing fused silica into new shapes and 
sizes by adaptation of its Multiform 
process. 


To machine six-ft.-high 3,000 
lb aluminum castings, Pratt & Whit- 
ney Aircraft has added an operators 
platform -lift to Bullard vertical 
turret lathe. 


Harvey Aluminum has ex- 
truded a hollow aluminum shape 
measuring 24.190 x 2.485 inches on 
a 12,000 ton hydraulic press. Re- 
portedly the largest multiple hollow 
shape ever extruded, six hole shape 
functions as a containing unit in 
electronic control system. 
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E. W. Bliss Co. is using special 
forming techniques on aluminum plate 
for the 15,000-sq.-ft., 140 ft. diam. 
parabolic dish of the Green Bank, 
W. Va. radio telescope. Firm uses 
epoxy resin dies to keep within 1/16 
of an inch of perfect parabolic shape. 


Boeing is welding 3/32-in. steel 
balls to specimens being tested for 
temperature’ resistance, tensile 
strength. Balls attach to sockets on 
extensometer arms, eliminating slip- 
page of conventional clamping. 


New “Chem-Size” process, now 
in production use at Anadite Inc., re- 
surfaces hot rolled stainless steel 
previously considered unusable be- 
cause of poor surface conditions. 
Process is being used on single 12 ft. 
x 25 ft. parts. 


To test missile components 
under re-entry heat, Selas Corp. of 
America built 6 million BTU per-hr., 
3,000 deg F gas air burner for a 
missile manufacturer. 


Aerojet-General is using a 75- 
ton LeBlond double bed lathe at 
Azusa. Used with firm’s AeroWRAP 
process of fabricating large pressure 
vessels, lathe is 54 ft six in. long and 
120 inches wide. 
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® Handle high temperature corrosives 


© Withstand drastic pressure changes, 
vibration and sinuous alignment 


WRITE TODAY FOR TECHNICAL DATA 


U.S. FLEXIBLE TUBING CO. 


213 MAIN STREET, BARTLETT, ILL. 3 
Circle 34 on Inquiry Card 


Tinsley offers 
complete design, 
construction and 
installation of 

optical mechanical 
systems. 


Among our 
clients: 


North American 
Douglas 

NASA 

Lockheed 
Rocketdyne 
Ramo-Wooldridge 
Republic 


2. INTERFEROMETER 


30 years of 
optical engineer- 
ing and manu- 
facturing. Send 
for literature 


3. SHADOWGRAPH 
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Actual X-ray Photos Show How IDEAL 
Thermo-Tip Resistance Soldering Tools 
Reduce Costly Voids in Winchester and 


Cannon Plug Pins [aa 
Method Method 
Fars 
of void 
40 


Because the whole pin is 

heated, “cold- flow joints” 

are eliminated; failures 
are greatly reduced 


@® These production test 
results from a major Air- 
craft manufacturer prove 
the superiority of Ideal 
Resistance Soldering Tools 
to the best available com- 
mercial soldering irons. 
Voids averaged 33% with 
soldering irons. With resis- 
tance soldering only 14%. 


oon nuonFrwnrr- 


In addition, higher produc- 
tion speeds were possible 
on Cannon plugs and oper- 
ators were less subject to 
painful burns. Send for de- 
scriptive literature. 


ee } 


Peeeeeeeeeeeeeeeseeeeeeeeeeeeeeeeee . 
: ° 
+ IDEAL INDUSTRIES, Inc., 1390-K Park Ave., Sycamore, III. GD 
*. Gentlemen: Please send complete catalog information ; 
$ about Ideal’s Thermo-Tip Resistance Soldering Tools. . 
: Name : 
$ Company ° 
b- Address : 
; City Zone State : 
pf STS ES SRE eee, ES a ee 
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CUTS NEAT, TRIM, AND FAST DIFFICULT FILING SIMPLIFIED 


Fast, Accurate Cutting and Filing 
Dependable - Portable - Perfectly Balanced 


Excellent for key hole, dead-end and scroll cutting in iron, steel, aluminum, 
copper, plastics, brass, wood, hard fibre and other materials. Operating 
speed and cutting stroke easily adjustable. Chuck takes standard hacksaw 
blades, and file can be inserted quickly, replacing blade for filing 
operation. 

Weight: 314 Ibs. — Only two moving parts guarantee long life — Retails 
for $59.50 

Fully Warranted — Immediate Delivery 


Write Now for Free Literature Dept. AMM-11 


4. When efficiency is measured in split 
wei seconds, “cold ad must be eliminat- 
ed. That's why Nike Ajax are now equipped with 
KIM Hotstart engine pre-heaters. Regardless of 
weather, they enable operation under full load 
within seconds. For details on KIM Hotstarts, 
see your automotive dealer or write us for free 
literature. 


A 2 
Ne . 


ENGINE PRE-HEATER 


KIM HOTSTART MANUFACTURING CO. 
West 917 Broadway Avenue P.0. Box 42 Spokane 10, Washington 
Circle 88 on Inquiry Card 
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Attempts to increase 
physical properties in glass-cloth 
reinforced, plastic laminates has 
brought some attention to di- 
isocyanate resins. Preliminary 
studies recently completed at 
Naval Air Material Command 
(NAMC), Philadelphia, indicate 
that the resins can be used to 
give room temperature physi- 


NAVY LAB STUDIES ACRYLIC LAMINATES 


resins and will include attempts 
to increase resistance to com- 
bustion, and resistance to de- 
formation at 300°F. Extended 
studies will also measure the 
effects of gamma radiation. 
Close attention to the 
control of the reaction exotherm 
was essential in establishing a 
formulating procedure for con- 
sistently “strong” resins. React- 
ing glycol was added dropwise 


into refrigerated resin. Mechan- 
ical stirring was used to prevent 
complete change of state in the 
diisocyanate. Benzene was also 
used to retard polymerization, 
once exotherm was initiated. 
Some average results are 
shown in comparison with exist- 
ing specifications. (Ed. Note. 
Further information may be ob- 
tained from NAMC: Attn. A. P. 
Bonanni, project engineer.) 


REQUIREMENTS OF EXISTING SPECIFICATIONS 


cals which exceed the require- Specimen Flexural 
‘ficati a Government ; Thickness Strength R 

ments of specifications covering Specification Resin (in.) (psi) E X 10 
polyester, epoxy, and phenolic  MiIL-R-7575A Polyester 0.125 50,000 2.50 
laminates MIL-R-9300(USAF) Epoxy 0.125 70,000 3.20 

o MIL-R-9299 Phenolic 0.125 50,000 3.00 

Resins formulated from 
glycols containing a chain of 4 VALUES FOR POLYURETHANE RESINS 
a is- Specimen Flexural 
carbon atoms produced bape net Glycol Thickness Strength 
tently superior mechanical prop- (in.) (psi) E X 10° 
erties. Pot life is about 4 hr at 33 2-Butene-1 0.092 90,000 4.35 
4 Diol 

room temperature. Future work 3¢ 1, 4-Butane Diol 0.089 92,000 4.14 
will therefore center on these 30 Diethylene 0 100,000 4.17 


The TITAN 
“Target’ 


My 


Engineered for the Aircraft and 


Precision Engine Industry 


The TITAN “Target” Hex Collet Stud Driver 
drives the stud by pitch diameter pressure in- 
stead of pressure on the top of the stud. This 
method completely eliminates mutilation and 
stretching of stud threads, and distortion of cotter 
key holes. 


The famous TITAN BALL BEARING COLLET 
RELEASING MECHANISM (exclusively Titan) 
effects release of the collet with a fraction of the 
torque necessary with other metheds. Reversing 
the motive power causes the driving head to move 
upward as well as backward, thus releasing pres- 
sure on the collet and freeing the stud. 


Can be adjusted for various lengths of grip on 
the stud simply by lifting the clutch ring and 
screwing the collet holder farther onto the sleeve 
for a shorter grip or farther off the sleeve for a 
longer grip. 


STUD DRIVER 


Furnished with either a %” female square for mounting on air 


drills or with %”—16 female thread in top of driver. 


Morse 


Taper Shanks and Hex Shanks are available; also T-Handles for 


hand use. 
Write for details, TODAY! 
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“een 
SWITCHES 


UNDERSPEED 
One S.P.D.T. switch to trip at speeds as low as 
400 RPM. Maximum operating speed 5,000 RPM. 


OVERSPEED 


One S.P.D.T. switch to trip at speeds between 500 
and 6,000 RPM. 


OVER and UNDERSPEED 
Two S.P.D.T. switches to trip at two different speeds 
between 500 and 6,000 RPM. 


OVER—INTERMEDIATE and UNDERSPEED 
Three S.P.D.T. switches to trip at three different speeds 
between 1,200 and 6,000 RPM. 


Speeds above or below those listed above must be referred 
to our Engineering Department for special consideration. Re- 
quest Bulletin 504 describing our Speed Sensitive Switches. 


SYNCHRO-START PRODUCTS 


8151 


INCORPORATED 
N. RIDGEWAY AVENUE, SKOKIE, ILLINOIS 


Automatic Engine Control Sets — Safety Alarm Sets — Spe- 
cial Control Panels — D. C. Solenoids —Heavy Duty Relays 
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MILBAR 


special purpose tools 


MAKE TOUGH 
7, JOBS EASY! 


A. MILBAR CLOSE-CLEARANCE RATCHET WRENCH 
for tightening or removing twelve-point or hex-head screws 
and nuts. Fits in the tight spots where regular wrenches 
won't work. Smooth ratchet action. Several sizes available. 
Widely used in aircraft and missile industries. 


B. MILBAR SNAP TORQUE TOOL —with pre-set torque. 
A “click” you can feel and hear tells when proper torque is 
reached. A choice of head types for specific jobs. Widely 
used on production lines in the automotive and aircraft 
industries. 


C. MILBAR SNAP RING TOOL—the original and most 
widely used tool with replaceable points of different shapes 
and sizes. Tool lasts forever—just change points for the job 
at hand or when they wear out. Special points for holeless 
snap rings. 


D. MILBAR WIRE TWISTER—for smooth, automatic one- 
hand operation. Extra large serrated jaws assure a longer 
life and non-slip grip. Spring return and squeeze release 
eliminates need for shifting hands. Twists and cuts wires 
with no waste motion. 


E. MILBAR GEARED RIGHT-ANGLE TOOL—for easy 
access to “tight” spots. Fits all standard 34” drive exten- 
sions, sockets and ratchets. Reaches around corners and 
delivers increased torque for tightening or removal. Elimi- 
nates unnecessary removal of parts to get at the job to be 
done. Fully proven and tested by thousands of users. 


Send for your free brochure describing these, and other, MILBAR 
Special Purpose Hand Tools. MILBAR has the engineering facilities 
and personnel to solve your special problems where sufficient volume 
is involved. 


MILBAR CORPORATION 


1900 EUCLID AVENUE . CLEVELAND 15, OHIO 
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* Package with Confidence 


| New Mystik Brand 
Super Flextron Tape No. 6497 
Has Bi-Directional Strength 


An unique packaging tape. Super strength 
bi-directional filaments are an integral part of 
the product—providing equal strength in 
both directions. The tape is water and mois- 
ture proof. Excellent quick stick properties 
and it stays stuck. 


TYPICAL APPLICATIONS: Strapping 
and holding heavy machinery parts—sealing 
heavy-content packages for shipment — hold- 
ing loose parts in place for assembly of refrig- 
erators and stoves—heavy banding on corru- 
gated, fiberboard and wooden cartons— 
strapping tubes, rods and lumber— banding 
groups of cartons on pallets. Frequently re- 
places steel strapping. 
(Conforms to Government Specifications 
PPP-T-97-Type 11) 
Write for full information on Mystik Super 
Flextron No. 6497 and other Mystik brand 
packaging tapes. 


Mystik Adhesive Products, Inc. 
2635 N. Kildare Ave., 
Chicago 39, Illinois 


SELF-STiK 


PROTECTIVE COVERING MATERIALS—TAPES THAT TALK 
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TINIUS OLSEN 
JET STAGE BALANCING MACHINE 


High accuracy .. . instant indication of both angle and 
amount . . . unmatched ease of operation . . . heavy 
duty shroud assures complete safety. 

Write for full information. 


TINIUS OLSEN 


Testing Machine Co. 
2210 Easton Rd. * Willow Grove, Pa. 


mee V8 re OF 
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SPACE LOG 


Oct. 4— Lunik III fired 
into projected 15 day orbit 
around both the earth and moon. 
Passing estimated 4,375 miles 
from moon, it carries tempera- 
ture regulating device, two radio 
transmitters, and possibly a 
camera. Estimated initial thrust 
—600,000 to 800,000 Ib. 


Oct. 14—Explorer VII 
(9114 lb.) placed in orbit by 
four-stage Juno II rocket. Apo- 
gee: 664 miles. Perigee: 346 
miles. Chief purpose: study of 
the radiation now believed to be 
fluctuating bands starting about 
480 miles above earth. 


Ouly ONE “Jorgue 
Wrench can be 


It is mechanically impossible 
to use any Torque Wrench 
with adapters or extensions 
(with accuracy) unless that 
Torque Wrench has a positive, 
built-in, fixed load position. 


This essential factor of ac- 
curacy, misunderstood or 
ignored in the design and 
manufacture of some tor- 

que tools, can complete- , 
ly defeat their purpose. I] 


with formulae tables and explana- 
tions for correct use of adapters 
and extensions. 


ADDISON [QUALITY] 1.4 /NOIS 
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OUTLOOK—MATERIALS 


EROJET - GENERAL 
reports that room 
temperature values exceeding 
7500 psi tensile shear strengths 
have been obtained on titanium 
alloy B120VCA (Crucible) us- 
ing FM-47 and Prebond 700 
(Bloomingdale). Room temp 
values on 7075-T6 Al reached 
4950 psi at 120°F; on 4130 steel, 
they reached 7100 psi at room 
temp. Factors increasing bond 
strength: pretreatment with 
Prebond 700, use of vinyl-phe- 
nolic primer (FM-47), evacua- 
tion of entrapped air, curing 
under 15 psi for powdered epoxy 
base adhesive (Epibond 100). 


HIN refractory coat- 
ings used to protect 
metallic rocket nozzles have 
proven detrimental in protect- 
ing plastic nozzles. Gas builds 


YOU NEED 


THESE TOOLS 


to cut costs on 
the assembly line 


up between plastic and refrac- 
tory material, cannot escape fast 
enough, and explodes. 


LCOA has released 

findings from year- 

long research program on use of 
aluminum for solid propellant 
rocket motor cases. Firm re- 
ports that light metal cases in 
7178-T6 aluminum alloy ex- 
hibited yield strengths equiva- 
lent on a weight basis to 224,000 
psi in steel. Process, combina- 
tion of forging, extruding, siz- 
ing and machining into one- 
piece case, is expected to pro- 
duce cases with yield strength 
equivalent to 255,000 psi in steel. 


UREAU of Mines 
metallurgists pro- 
duced molybdenum of 98 per 


cent purity and tungsten better 
continued on next page 


MODEL 400-RSP 
i REVERSING 

BP MODEL 400-RN SCREWDRIVER 

REVERSING 

NUTSETTER 


Airetool pneumatic screwdrivers and nutsetters are easy to 
handle, easy to maneuver. And they have all the power it takes 
to speed up fastening operations. You get this same excellent 
power-to-weight ratio in Airetool lightweight sanders and die 
grinders, too. It will pay you to call your Airetool representative, 


or write us for Catalog 63. 


BRANCH OFFICES: New York, Chicago, Tulsa, 
Philadelphia, Houston, Baton Rouge 

REPRESENTATIVES in principal cities of 
U.S.A., Canada, Mexico, South America, 
England, Europe, Puerto Rico, Italy, Japan, 


Hawaii. 

EUROPEAN PLANT: Viaardingen, The Nether- 
lands 

CANADIAN PLANT: Brantford, Ontario 
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industry notes 


Outlook-Materials 
(continued) 


than 99 per cent pure with proc- 
ess known as _ fused-salt-bath 
electrolysis. The powders were 
produced from scheelite concen- 
trate mixed with alkali phos- 
phates or borates. 


LTRA-PURE arsenic 

is reportedly moving 
into prominence for semi-con- 
ductor application. Besides III- 
V compounds, many arsenic de- 
rivatives are being evaluated. 


SE of epoxies will 
jump to 25 million 
lb. by 1966, with a $50-million 
market, according to American 


_— — 


Reinforced plastic shipping container liner, 25 ft. long with 57 in. diam., is 


produced at Zenith Plastics Co., Gardena, Calif., for Lockheed Missiles and Space 
Div. Made of “Scotchply” material (Minnesota Mining and Manufacturing), it 
is believed the largest cylinder of its type, weighs less than 1,000 Ib. 


OW Corning reports 

facts of making sili- 
cone-epoxy copolymers from sili- 
cone resins and commercial 
epoxy resins. Copolymerization 
depends on reaction of silicone 
hydroxyl groups with carbinal 
groups. Standard epoxy curing 


HE Flight Propulsion 

Laboratory Depart- 
ment of General Electric has de- 
veloped refractory cerium sul- 
fides for use in casting openings 
or channels in high temperature 
metallic materials. Applied in 
core form, they permit casting 


Chemical Society. 


NOW! 


MINIATURE - 
AGASTAT® 


agents can be used. temperatures above usual. 


JUST OUT! 
NEW 1959 EDITION 


e —_ i 
MEASURES ONLY | > 
sd 1 ”“” 1 “ } “f~ a 4% * 
xl xl” KE —_—— 
} w~ yy, fees? . or. Soto 
| ——— : VA rs 
—————_ colroom For 


The Miniature Agastat time delay relay is a space-saving 
answer to aircraft, missile and computer problems. You get 
all these valuable features in one small package: 


Hundreds of NEW ITEMS 


ALL NEW — Complete specifications and cost saving data on 
ever 2000 “Standards”, including world's largest line of work- 
holding equipment, chuck jaw blanks, handles, knobs, wheels, 
strap clamp assemblies, forged items, plus hundreds of other 
jig and fixture components, Detailed specifications, engineering 
drawings. The one complete source for data on ali the “‘stand- 
ards" for tool, die, jig, and fixture design and application. 
Write for your FREE copy today. 


JERGENS TOOL SPECIALTY CO. 


Dept. AH-11, 712 E. 163rd St., Cleveland 10, Ohio 


® Easily adjusted timing ranges as short as .030 seconds. 
@ Repeat accuracy of + 5%. 

@ Time delay on energizing or de-energizing. 

@ For DC or AC operation. 

@ Hermetically sealed or dust-proof housings. 

Write today for the full details on the new miniature 
Agastat. Dept. A36-1122. 


AGA ELASTIC STOP NUT CORPORATION OF AMERICA 
1027 Newark Avenue, Elizabeth, N. J. 
Gasaccumvlator Co., (Canada) Ltd., 12 Gower Street, Toronto 16, Ontario 
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“THE MARK OF QUALITY Impressor 


BARBER PORTABLE HARDNESS TESTER 


@ Rapid testing—no setup 
COLMAN @ Easy to carry and use 


@ Needs only space for hand 


A portable hardness tester for aluminum alloys, soft metals, 
and plastics, the Barber-Colman Impressor is designed for 
fabricated parts and raw stock testing. Operating experience 
is not essential. The reading is instantly indicated on the 
convenient dial. No waiting, preloading, or separate meas- 
urements. Barber-Colman engineers will gladly recommend 


the most suitable model for your application. Write today 
for complete details. 


BARBER-COLMAN COMPANY 
Dept. W, 12109 Rock Street, Rockford, Illinois 
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PRECISION 
TUBE 
BENDING 


MB experience ranges from 
bending simple tubes to fabrica- 
ting complete assemblies like the 
fuel manifold shown, and in- 
cludes machining and bending 
work with corrosive- and heat- 
resistant materials. 


Extensive facilities devoted solely 
to tube bending are contained on 
three factory floors. Equipment 
includes hydraulic tube benders, 
presses, automatic and manual 
brazing and welding equipment. 


Aeronautical inspection tech- 
niques involve X-ray, Zyglo, 
Magnaflux, hydraulic and pneu- 
matic pressure testing equip- 
ment, when indicated, guaran- 
teeing maximum reliability, per- 
formance from parts. 


Satisfied customers are included 
in any list of leading manufac- 
turers in aircraft-missile fields. 
Write for MB facilities booklet 
—or for quotation. 


MIE ELECTRONICS 


A DIVISION OF TEXTRON ELECTRONICS, INC. 
1069 State St., New Haven I!, Conn. 
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America’s first mass-produced 
industrial-size ultrasonic cleaner! 


SAVE 7 ways over costly solvent, 
alkaline or vapor degreasing: 


® Clean faster, speed production! © Cut rejects, eliminate 
bottlenecks! © Save on chemicals & solvents! © Eliminate 
expensive installation! ¢ Cut maintenance and downtime! 
© Save on floor space! © Release labor for other work! 


MAMMOTH 
5-GALLON 
TANK 


695 


2-year guarantee on all units. 


SPECIFICATIONS 
Interior Tank size (in.), 1OW x 14L x 9’2H. Tank Capacity, 5 gallons. 


G-1501 generator, NT-1505 tank. 
Other models from $175. 


Submersible Transducers 
Model NT-604 — Hermetically sealed heli-arc welded stainiess steel 
case. Radiating face: 27 sq. in. Effective plane of radiation: 40 to 50 
sq. in. (approx. 10” x 5”). Effective cavitation of volumes: up to 1200 
cu. in. at 24” tank height (5 gal.) and 2400 cu. in. at 48” tank height 
(10 gal.). Swagelok tube fitting on side or end for internal tank wiring. 


Model NT-605 — Same as NT-604 except for bulkhead fitting on back 
for external wiring. Eliminates electrical conduits in solutions. 


Now you can say goodbye to expensive chemicals, solvents, and 
degreasing equipment...reciaim valuable floor space... eliminate 
high installation costs...just by installing a Narda Series 1500 
SonBlaster. At the same time, you'll get better, faster cleaning, 
and you'll need fewer people to do the job! 


Get the tremendous activity of the new 300-watt Narda SonBlaster, 
with the largest transducerized tank gver made, at the lowest price 
in the industry! Choose from transducerized tanks or submersible 
transducers for use in any arrangement in any shape tank you desire. 
Up to 4 submersible transducers can be easily operated from the 
same generator at one time; load selector switch provided — an exclu- 
sive Narda feature. 


Simply plug the SonBlaster into any 110-115 V AC line, and flip the 
switch. In seconds, you'll clean "most any mechanical, optical, electri- 
cal, medical or horological part or assembly you can think of. Perfect, 
too, for brightening, polishing, radioactive decontaminating, pickling, 
quenching and plating; emulsifying, mixing, sterilizing, impregnat- 
ing, degassing, and other chemical process applications. 


Mail the coupon for free help in determining the model that’s best 
for you. 


1 
ul The Narda Ultrasonics Corporation ] 

The SonBlaster catalog | 625 Main Street 

line of ultrasonic cleaning | Westbury, L. |., New York l 

equipment ranges from 35 Department AMM.6 | 

watts to 2.5 KW, and | Coen: 

includes traneducerized | Please send me more information | 

tanks as well as immersi- about | 

ble transducers. If ultra- I ‘ 

sonics can be applied to | 0 — 1500 SonBlasters | 

elp improve your process, , L) The complete Narda line | 

Narda will recommend the | 

finest, most dependable | Name | 

equipment available — and 

at the lowest price in the | Organization a I 

industry! ] Address. i nm te | 
| City. on : 
! ee ann | 
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your date book 


october 26-30 
national conference 
society of photographic scientists and 
engineers 
edgewater beach hotel, chicago 
+ 
october 28-30 
symposium on sealants 
society of aircraft materials 
and process engineers 
7660 W. Beverly Bivd., Los Angeles 
* 
november 2-4 
national midwestern meeting on new 
frontiers in aviation 
institute of the aeronautical sciences 
hotel lassen, wichita, kan. 
+ 
november 2-6 
4lst national metal exposition and 
congress 
american society for metals 
international amphitheatre, chicago 
+ 
november 3-5 
llth annual mid-america electronics 
conference 
kansas city-section, IRE 
hotel muehlebach, kansas city 


november 4-6 

national automatic control conference 
IRE, AIEE, |AS, ASME 

sheraton hotel, dallas 


+ 
november 9-11 
fourth instrumentation conference and 
exhibit 
professional group on instrumentation 
and atlanta section IRE 
atlanta biltmore hotel, atlanta 


a 
november 16-20 
international automation exposition 
and congress 
trade show bidg., new york, n. y. 


* 
november 16-20 
14th annual meeting and astronautical 
exposition 
american rocket society 
sheraton park hotel, washington, d. c. 


5 
november 16-20 
annual convention 
national aviation trades asso. 
hotel montieone, new orleans 


index to advertisers 


november 17-18 es 
seminar on problems of machining 


Space Age metals 
american society of tool engineers 
sheraton hotel, philadelphia, pa. 

5 


november 17-18 
national turbine-powered air 
transportation meeting 
institute of the aeronautical sciences 
fairmont hotel, san francisco 
5 
november 17-19 
34th meeting 
aviation distributors and 
manufacturers assn. 
diplomat hotel, hollywood, fla. 
e 
november 17 
fall meeting 
eastern div., society of aircraft 
materials & process engineers 
sheraton-carlton hotel, 
washington, d. c. 
e 
november 19-20 
aircraft and missile div. conference 
american society for quality control 
sheraton-dallas hotel, dallas, tex. 
* 
november 23-24 
symposium on solid state techniques 
phila. section, instrument society of 
america 
ben franklin hotel, phila. 
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420 pounds of Alcoa Aluminum spar caps 
support 143-ton payloaded Douglas DC-8 


Twelve aluminum spar caps are an in- 
tegral part of the torque box that 
joins wing to fuselage and carries 
the entire 143-ton wing loading of 
the Douglas DC-8 Jetliner. Forged- 
in toughness of these caps is im- 
parted under the pressure of Alcoa’s 
50,000-ton hydraulic press at Cleve- 
land, Ohio. Weighing 294 lb each, the 
forged caps are machined and fin- 
ished by Utility Metal Products, Div., 
Young Spring & Wire Corp., Pasa- 
dena, Calif. The caps are typical of 
the many complex structural parts 
for aircraft produced by Utility. 


At Utility, 88 per cent of the metal dis- 
appears, a 35-lb gleaming wing spar 
emerges. This lightweight muscle 
and 11 others similar in configura- 
tion must not only carry a loaded 


plane in the air, but bear violent, re- 
peated stresses of take-off and land- 
ing. It must also set sweepback of 
wing and dihedral angle. 


When 90 per cent machined, spar caps 
are sent to Douglas, anodized and 
heat treated. Final straightening is 
followed by finish machining at Util- 
ity. All surfaces are handscraped to 
a 35 microfinish, each piece requir- 
ing 22 man-hours. Back at Douglas, 
caps are aged, again anodized, 
painted. 

Here is just one example of Alcoa® Alu- 
minum that leads a tortured life not 
only in the air, but in the machine 
shop beforehand. This caliber of 
performance means that the quality 
of the aluminum must be uniform in 
every ounce of the original forging, 

Circle 51 on postcard for more data 


the original toughness retained in 
every linear inch of the finished cap. 
And it is... in Alcoa Aluminum. 
These are universal reasons for the 
choice of Aleoa Aluminum in diffi- 
cult, demanding fabrications. 


How can you use Alcoa Aluminum 
profitably? Find out. Contact our 
sales office or write Aluminum Com- 
pany of America, 2032-L Alcoa 
Building, Pittsburgh 19, Pa. 


Your Guide 
ALCOA Y. to the Best 
ALUMINUM in Aluminum 
iiidaiieeenetnier eases Value 


For exciting drama watch “Alcoa Presents” 
every Tuesday, ABC-TV, and the Emmy Award winning 
“Alcoa Theatre’’ alternate Mondays, NBC-TV 
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BRUNSWICK WINDS 


You can get an idea of the remark- 
able power of Brunswick’s exclusive 
Strickland “B” Process (SBP) from 
the fact that it winds fiberglass fila- 
ment to a strength-density ratio of 
2,000,000. (The SD ratio of high 
strength steels is 800,000.) The 
hoop tensile values of these prod- 
ucts have averaged 200,000 psi, and 
their composite wall strengths 


ISIBRUNS 
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range from 120,000 to 140,000 psi. 
SBP gives unmatched reliability 
and precision in the winding of 
structural elements, bodies, inter- 
nally and externally loaded vessels 
and large cylinders. The process 
provides unusually close machine 
resin impregnation control, and 
variable control of glass density. 
The winding equipment shown 


Circle 52 on postcard for more data 


S-D RATIOS UP TO 2,000,000! 


above will produce units up to 12 
feet long and 6 feet in diameter. 
With slight modifications, it will 
wind much larger units. 

Get more information on how 
SBP can serve you. Write or call: 
The Brunswick-Balke-Collender 
Company, Defense Products Divi- 
sion Sales Manager, 1700 Messler 
Street, Muskegon, Michigan—today! 
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